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Q That would have been somewhere after you 

had completed two years of medical school? 

A That is correct. 

Q So those first two years of medical 

school were not, you obviously were not specializing in 
psychiatry; correct? 

A Well, no one can specialize in the first 

two yeaippiiPij medical school. 

Q Right. That's exactly right. And I just 

wanted bSLJ gJjjt that on the record. And those first two 
years o|iidfefical school, what courses did you take? 

My freshman year I took gross anatomy/ 
>ryology, genetics, biochemistry, 

Is, a course called medical 

Psychiatry; there may have been others, but 
te major courses. Oh, yes, microbiology. 

During those first two years, did the 
figarette smoking ever get mentioned by any of 
^school professors? 

It might have. 

Do you recollect whether it did or not? 
No, I cannot at this time. 

Was disease causation any part of the 
curriculum in medical school? 

A Yes. 
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Q And what part of the curriculum was that? 

A That was included in morbid anatomy or 

pathology, same course. It was included in -- are we still 
talking about the first two years? 

Q Yes. 

A It was included in Physical Diagnosis and 

Principles of Medicine. 


K 



rvi 




And you took all those courses? 

And I wasn't finished, and in pediatrics. 
And you took these courses? 

That is correct. 

Did you pass all these courses? 

Yes, I did. 

Did Surgeon Generals' reports ever get 
ring any of these courses? 

Not that I can recall. 

Have you ever had occasion to read or 
eport of the United States Surgeon General? 

Yes. 

Which report or reports have you read or 

reviewed? 

A '64 and '88 recently and, in the distant 

past, I believe there was one in '77. 

Q Now, the 1964 Surgeon General's report 

was about lung cancer and smoking; correct? 
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A It was about smoking, period. 

Q And that report concluded that cigarette 

smoking causes lung cancer; correct? 

A To the best of my knowledge, my 

recollection, I limited my perusal to the effects on the 
central nervous system. 

Q You limited your perusal of the 1964 

Surgeon ral 1 s report to the effects on the central 

nervous em? 


That is correct. 

r » 

Have you ever reviewed any of the 
gi^cal studies related to cigarette smoking and 




As it relates to the central nervous 


You never reviewed any epidemiological 
than those that relate directly to the 
jus system; is that correct? 

That is correct. 

And during the third year of medical 
school, did you take any courses other than psychiatric 
courses or courses in the field of psychiatry? 

A In the third year, yes. 

Q What courses did you take that year? 

A Internal medicine, research. Research 
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was second and third-year. Internal medicine, psychiatry, 
general surgery, neurosurgery, anesthesiology, obstetrics 
and gynecology, 

Q And what did you do in the fourth year of 
medical school; what did you take or do? 


A 

Q 

A ^ 

me what 

Q 

did you 
A 

iia 
tia 

may hav 





Which question are you asking me? 

What do you mean, which question? 

You asked me what I took, and you asked 
d. 

Well, let's break it down. What courses 
the fourth year? ''' 

I took advanced internal medicine, child 
psychiatric research, advanced adult 
three courses in community psychiatry. There 
n one other course that I can't recall at the 

time. 

Q ^ What was the curriculum for advanced 

internal ^rrSdicine? 

A In advanced internal medicine, I was 

assigned to a professor and we comprised the unit which 
consisted of junior medical students, a single senior 
medical student, myself, who functioned as the senior 
student and had some supervisory and teaching 
responsibilities, an intern, a resident, a faculty member; 
and then there was another senior medical student whose 
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function was to investigate certain particular disease 
states; and he functioned as a partial intern. 

Q What is internal medicine? 

A Internal medicine is the study and 

treatment of disease in adults. 


lung career? 




of cigars 


Did it include the study and treatment of 


It did. 

And during that course, did the subject 
smoking ever come up? 


A Kot to my recollection . 

Q :■ During the entire time that you were in 

mJfttjal ^hool, did the relationship between cigarette 
smoking ^and^any disease ever get discussed, to your 
recollectr^? 


specifi 



It may have. I cannot recollect 


After you completed medical school, did 


you have an^ opinion concerning whether or not cigarette 
smoking caused any disease? 


Q After you completed medical school, did 

you have any opinion as to whether or not cigarette smoking 
had ever resulted in the premature death of at least one 
human being who smoked cigarettes? 
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MR. KEMNA: Objection. I'm going to 
object to this continuing line of questioning on causation 
issues. Dr. Giannini has not been offered as an expert to 
discuss causation between cigarette smoking and disease; 
and it's fairly clear on his expert disclosure statement, 
so just note that objection. 

Q Go ahead. You can answer. 

Could you please repeat the question. 

MR, HOAG: Could the court reporter 

Question, please. 

| 

X 

\pon the record was read as requested.) : ' 

Not that I can recall. 

As you sit there today while you're 
^deposition by telephone with me asking 
telephone, do you have any opinion as to 
whether|gjf^ot cigarette smoking causes any disease? 

MR. KEMNA: Objection. Dr. Giannini 
is not geing offered for the purpose of expressing opinions 
on the &*&4«4tion issue. He is not being offered as an 
expert on causation, 

MR. HOAG: For purposes of this 
deposition, I'm just asking him this question and I want to 
know the answer. We are allowed to cross-examine witnesses 
as to their knowledge, their expertise and their 
credibility as witnesses; and I'm just asking him as a 
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medical doctor as he s.its there today if he has an opinion i 
as to whether or not cigarette smoking causes any disease. 

MR. KEMNA: And I'll repeat my 

obj ection. 

MR. HOAG: We've already heard it. 

It’s preserved. 

Q : Now, would you please answer the 

questi or|#^^ 

CoJr?3Ht|ie court reporter repeat the question, please? 


jon the record was read as requested.) 

A psssssss^ M y answer yjQuXd be I've read that 

cigaretteTjsifi^king may be a risk factor, but I lack 


in this area to assess these evaluations. 

Do you consider risk factor and cause to 

;hing? 

No. 

Is it more likely than not, Doctor, that 
>king has resulted in the premature death of at 
least orle^Hufnan being who smoked cigarettes in the United 
States of America? 

MR. KEMNA: Objection. Dr. Giannini 
is not offered as an expert on causation issues. 

Q You can answer. 

A Okay. Since I lack expertise in this 

area, I'm unable to answer. 
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Q Are you saying that you do not have 

enough expertise as a medical doctor to know whether or not 
it is more likely than not that cigarette smoking has 
resulted in the premature death of at least one human being 
in the United States of America? 


MR. KEMNA: Objection. Same 


objection as before. 


A When we're talking more likely/ that’s 

hardly Scientific, More likely than not. Secondly, I'm 
not an §Sip§i:t in epidemiology or internal medicine. 
q ^ So what is your answer to the question; 


you do 



■;how? 


My answer is I lack sufficient expertise 


Itp^iv^^^^sponse as an expert. 

q Well, I'm not even asking you whether or 

not you ^rons ider yourself to be an expert. I just asked 
you as you^teit here today with the education you have, 
whateveapy^'t may be, and with the knowledge you have, 
whateve||jy&&t may be, is it more likely than not that 
cigarette smoking has resulted in the premature death of at 
least- one human being who smoked cigarettes in the United 


States of America? 


MR. KEMNA: Objection. Dr. Giannini 


is not being offered as an expert on the issue, and this 
question has been asked and answered. 
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MR. HOAG 2 It hasn't been answered 


yet. 


to your inquiry. 


Go ahead, answer. 

My answer is I lack expertise to respond 


Have you ever published any research on 


the effects of nicotine? 


r- ^ 


those am? ^ 




Yes. 


Can you point to me on your CV where 


I don't have my CV. 

MR. HOAG; Does the defense counsel 


htasi a OT&y of his curriculum vitae? 


MR. KEMNA: John, I intended to bring 


one with Ih e u but unfortunately I must have left it at the 
office. Q™a on 1 1 have a copy with me today. 

MR. HOAG; Okay. I 1 11 just fax it 


MR. KEMNA: Fax it where? 



MR. HOAG: Do you guys have a fax 



machine where you are? 

MR. KEMNA: I don't know if they have 
a fax machine. This is a conference center in Boardman, 
Ohio, and we have the facilities of a speaker phone; but I 
have no idea whether they have a fax machine available. 
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1 

2 

3 

4 



23 

24 

25 


- MR, HOAG: Do you want to give me 
their phone number? i'll call and ask if you don't want to 
bother. 

MR, KEMNA: Hold on a second. Let's 
take a break for five minutes or so, and I'll see if we can 
locate somebody who can give an answer to that. 

(Whereupon a brief recess was taken.) 

MR. KEMNA: John, I located somebody 
aid they have a fax number. They'll try to 


0-726-3894. 

MR. HOAG: Whose attention should I 

MR. KEMNA: Do it to my attention, 

pon the record was read as requested.) 

The research you've done on the effects 



it! 



Q 

A 

Q 


Yes. 

When did you do this research? 

The early 1980s. 

And did you do more than one -- did you 


publish more than one article on the effects of nicotine? 
A I only published one. 
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Q One article. What was the title of the 

article? 

A I can't recall. 

Q Do you remember what you concluded in 

that article, if anything? 

A Yes. That Clonidine reduced symptoms of 


discontinuation of nicotine or of cigarette smoking, to be 


more ac 



Clonidine reduced what; I'm sorry? 
Discontinuation, or discontinuance 


And when you used the word discontinuance 
\ptj||S, 1 what are you talking about? 

When smoking was discontinued. 

Q What are the discontinuance symptoms of 

discontipTuTnt? smoking? 

In my paper? 

Yeah, what did you write in your paper? 

I can't recall. I'd need to look at my 

At least in your paper you considered 
there to have been discontinuance symptoms to stopping 
smoking; is that correct? 

A In my paper I considered it worth 

investigating. 
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Q You even said that Clonidine reduced 

those symptoms/ is that correct? 

A That's what I concluded, 

Q What is Clonidine? 

A Clonidine is an anti-hypertensive. 

Q And what does that mean in layperson's 

It's used to treat high blood pressure. 
And did you actually prescribe or observe 
of individuals who were attempting to quit 
shad been given Clonidine? 

I supervised. I did not do it directly, 
[nded study. 

What do you mean, blinded study? 

The people who observed did not know who 
iClonidine and who was not. 

And were the people that were trying to 
in both of the groups? 

I'd have to look at the paper. 

Q You don't remember now as you're sitting 

there today whether or not both of the groups of people 
were people who were trying to quit smoking? 

A I can't remember if I had a control group 

or not. 

Q Well, was the group of people you were 
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looking at people who were trying to quit smoking? 

A Yes. I didn't know if they were trying 

to quit. We had them quit. 

Q What do you mean, you had them quit? 

A That was a condition of being in the 


study. 


that at 


stop sm 


A condition of being in the study was 
It during the length of the study they had to 
j cigarettes? 

I 

That is correct. 

-1 

And all the people that were in this 


study w^|yjrior to that time regular cigarette smokers; is 

tfiS cois^ect? 


A^ j can . t recall. 

Q Well, was it necessary for them to be 

regular£ cigarette smokers in the study for the study to be 


a validi 


See, regular is rather an imprecise term. 


There wire criteria for length of time and the amount. I 
can't recall 16 years later. 

Q And what led you to the conclusion in the 

paper that it reduced discontinuance symptoms, the 



Clonidine? 


What led me is we used some sort of 



rating scale. The raters, as I can recall, subjectively 
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gave them some sort of number on the rating scale. We 
added up the numbers; and the numbers, depending on the 
rating scale, were either lower or higher. 








20 

Q And the responses that you measured, or 

the symptoms that you measured, were they measured based on 
what the person told you; or were they measured based on 
physiological measurements that were not at all based on 
what the patient was saying or the subject was saying? 

A To answer your question, it's actually 

two responses. I know we were not measuring symptoms per 
se. We measuring phenomena. Secondly, it was not 

objectiye^f^Jrhere were no -- we did not use instruments to 
measure j|bjj£tively physiological change. It was all 
subject JPIPI 

Q ^ In other words, it was all based on what 

t|2iubjj^ts were telling you about how they felt; is that 
right? 

It was either what the subjects were 
/hat my associates observed, or some 
thereof, depending on the rating scale used. 

So the associates were actually measuring 
■viable change in the behavior of the subjects? 

Possibly. Again, see, I don't remember 
which rating scale I employed. 

Q And what journal was this article 

published in? 

A Society for Neuroscience Abstracts. 

Q And you said you only did one article on 
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nicotine, and you did that in the early 1980s. Why did you 
not follow-up and do additional studies on nicotine? 

A I did. 


though? 


Oh, you only published one article, 


That's correct. 

Why did you only publish one article? 
Because when I tried to reproduce -- this 


was a v^ry/^very small group. When I tried to reproduce it 



in a gr< 


reasona 


Clonidi 




done on 1 



signif ii 



fhat our statisticians told us would be a 
^tudy, we couldn't get any response to "* 

|ich is greater than chance, nor could we find 
lie symptom cluster. 

| Are you familiar with any of the research 

Inicotine patch? 

r- 

I I've read research. 

I Were they able to achieve statistical 

I in any of that research? 

| To which paper are you referring? 

% 

Any of the research you're familiar 


with on the nicotine patch. 

A Some do; some don’t. 

Q So some of the research showed a 

statistically significant difference between the people 
who used the patch versus people who did not use the patch 
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as far as their ability to stop smoking cigarettes; is that 
correct? 

A In some of the studies. 

Q And was that also true for nicotine gum? 

MR. KEMNA: Objection. 

A It was true to a lesser degree. 


And now there's an antidepressant that's 




now pre|KTBed sometime for smoking cessation. What is the 


name of 
A 


r 






| antidepressant? 

It's a reformation of Wellbutrin. 

- t 

What's it called? 

Zyprixin or something like that, but it 
reformation of Wellbutrin. 

Which is an antidepressant? 

That is correct. 

And there have been research studies on 
how statistical significance also; correct? 
There has been. 

And what do those studies that are 
statistically significant conclude concerning the use of 
the antidepressant Wellbutrin? 

A Smokers who use Wellbutrin at a certain 

dosage range which varies from study to study are able to 
discontinue smoking at a rate that the authors conclude is 
significantly higher than those who do not employ 


Q 

A 
i 
Q 

A 

Q 

that wh 

A 

Q 
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Wellbutrin. 

Q But even with the use of the Wellbutrin, 

I think it l s called Zyban now, isn’t it? 

A That is correct. 

Q But even with the use of the Zyban, and 

even though it was a statistically significant increase, 
the numbers were well below 50 percent of those who took 
the Zybiuj ^a^ d then ultimately did quit smoking; correct? 

Your question's unclear to me. Could you 
jplease. Clarify. 

Well, the people who took the Zyban, less 
■ent of them were able to actually stop smoking; 
'ect? 

I believe two studies reported that, or 
that I saw. 

That it was less than 50 percent of the 
people ydio j|ook the Zyban were able to stop smoking; 
c orrect g„_j 

A |§§§|g§§j In two of the studies. 

q But even that number that was actually 

significantly less than 50 percent success rate, that 
number was higher than the number of people in the control 
group who did not use Zyban; isn't that correct? 

A That is correct. 

Q Now, since you've taken the Broin 





NAGY-BAKER COURT REPORTING, INC. 

! (330) 746-7479 

1-800-964-3376 

http://legacy. library. ucsf.ed8jftid%rCRtt^/(Wf/w.industrydocuments. ucsf.edu/docs/flxl0001 


52259 8465 




1 

2 

3 



23 

24 

25 


http://legacy.library.ucsf. 


24 


deposition in -- let's go back and look, at the date. You 
do remember being present for the Broin deposition; 
correct? 

A Yes, sir. 

Q Since that deposition was taken on May 

30, 1997 -- and I’ll just tell you that according to my 
copy, that's when it was taken -- have you been deposed in 
any oth^^^ses other than this one today, any other 
tobacco|gjX|ted cases? 

A What was that date again? 

Q May 30, 1997. 

A Yes. 

What other tobacco-related cases have you 
been de in since then? 

Arch. 

And when was that deposition? 

I believe it was in the autumn of last 


And how long did that take? 

Less than a day. 

Do you remember who took it, asked you 

I believe his name was Becknell or 

Now, during the Broin deposition, I 
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believe you said that you charged approximately $2,000 per 
day for a deposition; is that correct? 


A 

Q 

A 


That's approximately correct. 

Is that still what you charge? 

I believe it's 2,200 for an in-town 



deposition. 
Q 

deposit!^ 

A 

Q 

1:30; wjj 
your fee 


I 



That’s regardless of how long the 

.akes? 

That is correct. 

For example, today we’re starting at 
>bably won't be more than three hours or so, 'but 
.1 still be $2,000 for that; is that correct? 
A^^ That is correct. 

I mean $2,200; correct? 

A That is correct. 

Q And this case you're being deposed on 

today is th<| Engle case; are you aware of that? 

A Yes. 

Q ii§Jl§ll Do y°u know what the Engle case is about? 

A My knowledge of the Engle case is that 

one of the issues is the alleged addictiveness of nicotine 
or other constituents of tobacco. 

Q Other than knowing that that 1 s one of the 

allegations, do you know anything else about the Engle 
case? 
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A I do, not. 

Q Have you read any depositions or reviewed 

any documents from the Engle case? 

A I have not. 

Q Have you prepared any reports for the 

Engle case? 

A ^ Yes. 

Q And I'm talking about other than your 

disclos\ic#wS’ tatement where you explained what you're going 


>out. 


No. 



to testa* 

A 

Q ^ Other than the disclosure statement, you 

hi^lh't ^^epared any reports for the Engle case; is that 
correct j 

A That is correct. 

Q 

spent w 
A 


Approximately how many hours have you 
on the Engle case? 

I'm reviewing my billing statements. In 
reviewing the billing statements, it's about 70 hours. 

Q What is your hourly fee other than for 

depositions? 

A Review of material, $185 an hour. 

Q And what material have you reviewed for 

the Engle case? 

A The literature, documents in my 
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possession, mostly the literature. 



^12 


And you reviewed the 1988 Surgeon 


General's report? 


A Yes, sir. 

Q And that was the Surgeon General 1 s report 

that was related to smoking and addiction; is that correct? 
A It was related to smoking, an opinion 

that itaddicting. 

Q ^ The Surgeon General referred to cigarette 

smokingl-lliP%ddictive; correct? 

A Qjj That is not correct. 

Q bmaW Was there a conclusion in the Surgeon . 


Import that cigarette smoking is addictive? 
Yes. 


correc 





And you disagree with that conclusion; 


Yes . 


Q ^ Do you treat patients as part of your 

practi<^J|||| a physician as a psychiatrist? 

A Yes. 

Q Approximately how many patients do you 

treat in a given year? 

A I'm in the office three to five days a 

week, and I see twelve to fifteen patients a day; plus I 
supervise directly or indirectly maybe another 30 to 40 
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patients a day. 

Q How many patients do you see on a weekly 

basis, the same one? 

A You’re asking me how many times I need to 

see the patient more than once? 

Q Some of them you do need to see more than 

once; cqrrect? 

A That 1 s rare. 

Q Okay. So then the count then isn't 

necessar^Jy^fa duplicated count then. So if we just took 
twelve t^^lfteen people three to five times a day, you see 
somewhej^^^tween 60 and 75 patients a week and you times 
tDtftti by 5 ^% and that comes up with a reasonable estimate of 
hdw^an^ppa^ients you see in a year? 

A That would be a reasonable estimate. 

Q \ ' How long have you been seeing 

approxi / that many patients per year, how many years? 



A p§sps§| Eight years, 

Q And during that period of time -- well, 

not during that period of time; but approximately what 
percentage of your patients are cigarette smokers? 

A I don't know. 

Q Some of your patients are cigarette 

smokers? 

A Yes. 
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do find it out? 


How are you able to find that out if you 


We have a standardized form for the first 


visit, and that is one of the questions. It's a form I 
wrote when I was a resident. 


Do you ever advise any of them to stop 


smoking? 


rv- 


they woi 


te 




Do any of your patients ever say that 
like assistance in quitting smoking? 


Some. ■' 1 

Approximately how many in a given year 
they would like some assistance in quitting 


A It would be rare. 

Q By rare, what do you mean; one every 

week, one eypry year; what do you mean? 

A L: :: Less than one a month. 

Q bmed And about how many of the people who you 

see who smoke just continue to smoke cigarettes? 

A I didn't understand your question. 

Q How many of the people that you have as 

patients who smoke continue to smoke cigarettes and just 


don't quit? 


I don 1 1 know. 
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doctor, and no doctor that I'm covering has yet prescribed 


Zyban. 


And you have never prescribed the patch 


to a single one of your own patients? 

A I’ve never initiated it. 

Q When you say never initiated it, what do 

you mean? What's the distinction between that and 

• fv i 

prescnbr^iit? 


A ,s ^| As I said earlier, I will continue it if 
I have iBeSjesponsibility of another doctor's patient whom 
I'm cov 4|||li§! for a short period of time. ; ' 

Q pipH Do you ever recommend the nicotine patch 



nicotin 



Do you ever recommend against the 
ch to any patient? 




Do you ever recommend Zyban to any 


patient' 


Do you ever recommend against Zyban? 



Have you ever had any patients who said 


they wanted to quit smoking but did not? 


Yes. 
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Q Do any of them tell you what happened 

when they tried to quit? 

A Some. 

Q And what do they tell you? 

A Biggest complaint is they gained weight. 

Q That's pretty much all they tell you, 11 1 

gained weight," and that's it? 



they co 


No, this is the most common complaint. 
You mean of those who quit for a while, 
ed to you that they gained weight? 

: I 

That's the most common complaint. 

Do any people who don't have a problem 


weight gain ever try to quit smoking in your 





experiei 





successful? 


correct? 


Yes. 


Are they all successful? 


Some. 


Do you have any who are not successful? 
Yes. 

What percentage of them are not 


I don't have those numbers. 

That's just not something you track; 


That is correct. 
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Q Have you ever had any patients who had 

lung cancer? 

A Yes. 

Q Have you ever had any patients who had 

lung cancer who smoked cigarettes? 

A Yes. 

Q Have you ever had any patients who had 

lung ca fes ^vho continued to smoke cigarettes even after 
they wediagnosed with the lung cancer? 

A Yes. 


Q 

smokingl 


And even after they were told to quit'' 



Yes. 

Have you ever had any patients who had a 
and continued to smoke cigarettes? 

Yes - 


lung re 
A 

Q ? Have you ever had any patients with 

Berger 1 fejxsease? 



Q 

A 

vasculature. 
Q 

disease? 


Yes. 

What is Berger's disease? 

Berger's is a disease of the peripheral 

And does cigarette smoking cause Berger's 

MR. KEMNA:- Objection. Dr. Giannini 
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is not offered as an expert on the causation of disease 
generally or specifically with respect to Berger’s disease. 
Q If you don't know, you can say, Doctor. 

Does cigarette smoking cause Berger’s disease? 

A To the best of my knowledge, cigarette 

smoking is a risk factor. 


and cauj 


ar ^ 


Is there a difference between risk factor 


Yes. 


Q So are you saying that you don' t know 

whether^ft@irette smoking causes Berger's disease? 

A I'm saying no one knows. 

cfi Does anyone know whether cigarette 

smokingfcauaes lung cancer, in your opinion? 

MR. KEMNA: Objection. Dr. Giannini 
is not being offered on the causation issue of any disease. 


It's ini 


jpriate to continue to ask him questions when 


you knoi^pPs not going to be an expert in the field. 

Q Let me back up. What's the basis of your 

opinion that no one knows whether cigarette smoking causes 


Berger's disease? 


MR. KEMNA: Objection. Dr. Giannini 


is not being offered as an expert on the causation of 
Berger's disease. That's very clear. This is an 
unproductive line of questioning. 
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MR. HOAG: I appreciate you telling 
him you don't want him to answer the question, but he's 
already said that no one knows. 

Q So what I'm asking you, Doctor, is -- and 

I'll preserve your objection so we don't have to waste time 
with it constantly in there. What I'm asking you is what 
is the basis of your opinion of no one knows whether 
cigaret ^y^ okina causes Berger's disease? 

ip- MR. KEMNA: Same objection regarding 

experti 

A 

Q 

ffc£3 it 

experti 

q : 

A j 

the totj 




It's listed as a risk factor. * * 

The basis of your opinion'that no one . 
r cigarette smoking causes Berger's disease is 
sted as a risk factor? 

MR. KEMNA: Same objection regarding 

Is that what you're saying? 

When I last reviewed vascular disease, 

■oup of vascular diseases, smoking was listed as 


a risk factor in some and not others. 

Q And what about lung cancer, what was 

cigarette smoking listed as as it relates to lung cancer? 

MR. KEMNA: Same objection. Dr. 
Giannini is not being offered as an expert on lung cancer. 

MR. HOAG: You can answer. 
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4 




& 1 § 


A Some authors list it as a risk factor. 

Some list it as a causation. 

Q And you don't know one way or the other 

whether* it's the cause of lung cancer or not; correct? 

A I lack expertise in epidemiology/ 

oncology and pulmonology to decide between which of the 
articles^ if either or both or neither are correct. 


Q 


So you don't believe there's a consensus 


of medidalCdbinion that cigarette smoking causes lung 


cancer; 




lat correct? 

7 I 

MR. KEMNA: Objection. 

A „ 111 I'm testifying since I'm neither an 

tiPlepidemiology, oncology or pulmonology, I cannot 
discrimi^^^ between the different articles and differing 
conclus icpj|||^ 

Q Is there a controversy as to whether or 

not cigcpSiife smoking causes lung cancer. Doctor? 

MR. KEMNA: Objection. Dr. Giannini 
is not being offered as an expert on lung cancer or the 
controversy that you have within your question. This is 
totally unproductive, John. 

Q You can answer. Doctor. 

A I have not read sufficiently in this area 

to know if there's a controversy one way or the other. 

Q How many of the patients that you see 
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have read sufficiently in the area to know whether there’s 
a controversy as to whether cigarette smoking causes lung 


cancer? 


You’re asking me which of my patients 


have enough knowledge of physiology and medicine to make an 


informed opinion? 


Yes. 


Then we're limiting my patients to 


physiologists, physicians and Master's level nurses. 
q So you have to have those kind of 


credent 


cigaret 





to the 



questio 



|to actually be able to know whether or not 
poking causes lung cancer? 

| MR. KEMNA: Objection. Dr. Giannini 

J*ed as an expert on the awareness of the public 
| of cigarette smoking. 

| You can answer. 

| Could you please repeat. 

f 

j MR. HOAG: Could you read back the 

we'll preserve your objection. 


(Whereupon the record was read as requested. 


I wouldn't know. I'm not an expert in 


educational theory. 


You have had patients who have had 


Berger's disease; correct? 
A I have. 
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Q Are any of those patients smokers? 

A I can speculate that they weren’t, but I 

cannot say for certain. 

Q Now, those smokers that have lost a lung 

and continue to smoke cigarettes, does that indicate in any 
way to you that cigarette smoking is addictive? 


and peo^ 
to you i 



Is there anything about cigarette smoking 
behavior or response to smoking that indicates 
r way, even if it's the slightest, tiniest way, 


that cigarette smoking may be addictive? 


showing \ 


correct? 


showing| 


correct? 




You would agree that there is research 
animals will self-administer nicotine; 


I will agree that there have been studies 
tals can be taught to self-administer nicotine. 

■; And you consider nicotine to be a drug; 


A Yes. 

Q And nicotine crosses the blood barrier, 

gets to the brain within ten seconds; correct? 

MR. KEMNA: Objection. 

A Which blood barrier do you mean? 

Q Blood brain barrier. 
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A Yes, it does. 

Q And do you agree that when cigarette 

smoke is inhaled, the nicotine first stimulates sensory 
nerve endings imbedded in the vicinity of the millions of 
air sacs of the lung? 

A Repeat that again, please. 


Q Do you agree that when cigarette smoke is 

inhalednicotine first stimulates sensory nerve 
endings Li mbedded in the vicinity of the millions of air 
sacs of lungs? 


relatio 




When you say first, you mean first in*' 
what do you mean second? 

Well, first means first; it comes before 


A I need to know in relation to what. Your 

quest ioHj^ffipces no -- no offense, but your question makes no 
sense First 

Q • . As far as stimulation of nerve endings, 

before i|d,aa >es anywhere else. 

A That it goes to the lungs first before it 

goes anywhere else? 

Q Right. It stimulates sensory nerve 

endings imbedded in the vicinity of the millions of air 
sacs of the lungs. Do you agree? 

A No. No. Of course not. 
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Q And why do you disagree with that? 

A Unless you have a hole in your chest, 

there's no way it's going to the lungs first. 

Q Well, what nerve endings does it 

stimulate before it stimulates the nerve endings in the 
vicinity of the millions of air sacs of the lungs? 


A 




V- 


The gum, the palate, the tongue, the 


pharynx|Pan’some people the sinuses. 


Q 

nicotin 
finally! 
A 


lungs. 

Q 

nerve e 
time it 

A 

Q 






Okay. So are you saying then the 

Emulates all of those nerve endings and then it 

- ? 

to the lungs; is that right? 

I'm saying that it has to go through the 
throat and the bronchi before it can hit the 
at^’s basic human physiology. 

Are you saying that it stimulates all the 
s in all those parts of the body prior to the 
to the lungs; is that correct? 

I'm saying yes. 

Do you agree that within seconds the 
stimulation produces a powerful reflux effect consisting of 
a brief, abrupt fall in heart rate and blood pressure? 

MR. KEMNA: Objection to form. 

A Okay. There’s one word. Ask your 

question, please, but ask very slowly because there's one 
word that I have to ask you to make sure I heard you 
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correctly. Could you repeat the question slowly? 

Q Okay. Do you agree that within seconds 

A Slowly, slowly. 

Q -- the stimulation of nerve endings 

produces a powerful reflux -- I'm sorry, reflex. 

A That's the word. 

Q Effect consisting of a brief, abrupt fall 

in heart and blood pressure? 


5 5 


give me 


stimula 



I Okay. Now that you corrected it, please 

i 

(question one more time. 

a Do you agree that within seconds the 

|of nerve endings produces a powerful reflex ■ 
isting of a brief, abrupt fall in heart rate and 


MR. KEMNA: Objection to form. 

A I don't know if it's brief or abrupt, but 

there is a dhange in blood pressure, and it's downward. 


a gener< 


| Do you agree that the nicotine stimulates 

fd relaxation of the body musculature? 

MR. KEMNA: Objection to form. 


Yes. 


Do you agree that at the same time it 


creates an arousal of the brain? 


MR. KEMNA: Objection to form. 

By arousal you mean? That's too general 


NAGY-BAKER COURT REPORTING, INC. 
(330) 746-7479 


http://legacyJibrary.ucsf.ecKi^d/igr0iZ^M)//pd^wjndustrydoc 0 uments.u : csf 7 edu/docs/flxl0001 


522S9 8483 



42 







for me to answer. 

Q What does the word arousal mean to you as 

it applies to the brain? 

A Well, see, arousal means many things. 

It's not that I don't want to answer. I just don't 
understand your question. If you could be a little more 
specifiq. 

Well, does it create any kind of arousal 
definition of arousal of the brain? 

Do you mean general arousal? Do you mean 

- I 

1? What do you mean by arousal? 

I mean any kind of arousal of the brain. 
Yes, it produces some kind of arousal. 
What kind of arousal of the brain does 

duce? 

Generalized. 

Pardon me? 

Generalized. 

A generalized arousal? 

Yes. 

What does it generally arouse? What does 
it cause to happen in the brain? 

A There’s change in electrical activity, 

and there is a change in neurochemical release and tone. 

Q It increases the dopamine level; correct? 
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per se. 


Yes. Well, it doesn't increase the level 


What does it do to the dopamine; what 


effect does it have on dopamine? 


release. 


It increases potential for dopamine 


In the brain; correct? 

In the brain, yes. All my questions are 


limitedrtobrain. 


smoke t 



dlPiioin 




And there is a substance in cigarette 
s an MAO inhibitor; correct? 1 

It may be an MAO inhibitor. 

Which means the dopamine that's released 


|stay in the brain longer; correct? 


That is correct. 


It also increases the serotonin level in 


the brain; ^o^rect? 


That is also correct. 

It increases the epinephrine level; 


correct? 


A That is correct. 

Q And what is dopamine? 

A Dopamine is a catecholamine utilized as a 

transmitter, neurotransmitter, in the body and brain. 

Q And it creates feelings of pleasure, 
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doesn't it? 



It can. 


Cocaine releases dopamine, doesn't it? 
1 1 m sorry? 

Cocaine releases dopamine? 

That is correct. 

And serotonin, what does it do? 
Serotonin is an indolamine that has 


mu11ip1 eTRArt ctions throughout the body. 


create? ? 




an men 


cause a 


reason 




And what kind of feelings does serotonin 


j It has different feelings. 

What would those be? 

J It could cause diarrhea. It could cause 

d heart rate. It could cause flushing. It can 

4 . , , 

by, and it can cause a feeling of well-being. 

The feeling of well-being, that's the 

^lan antidepressant, or that's the reason 


antidepressants like Prozac and Zoloft work; correct? 

MR. KEMNA: Objection to form. 

A I don't understand your question. 


Using Prozac, for example, the serotonin 


reuptake inhibitor? 


Yes. 

Which means that it causes the brain to 
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have a better supply of serotonin; correct? 

A I'm not sure if it's better. 

Q More of a supply of serotonin? 

A Yes. 

Q Which is the same thing that cigarette 

smoking does; correct? 


A 


It's never been proven that cigarette 
serotonin reuptake inhibitor. 

I'm not talking about serotonin reuptake 
w, and I appreciate your clarification. What 
about is cigarette smoke. The nicotine causes 
in the amount of serotonin that's available;. 

That is correct. Excuse me; I have to 


MR. KEMNA: Let's take five, John. 
(W pon a brief recess was taken.) 

Q (BY MR. HOAG) Did you ever prescribe a 

medicatjg^j|^alled Effexor? 

A Yes. 

Q That's an antidepressant; is that 

correct? 

A Yes. 

Q That's prescribed frequently for people 

with severe depression? 
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A I'm .not sure what you mean by severe. 

Q Well, you don't operationalize the term 

severe depression versus moderate or mild? 

A Yes. 

Q I guess I mean more than moderate 

depression. Effexor is frequently prescribed for people 
who hav^more than a moderate depression; is that correct? 

It can be. 

Now, Effexor contains Epinephrine, and 
serotonin reuptake inhibitor, isn’t it? 

- • 

MR. KEMNA: Objection. 

It does not contain norepinephrine. 

What does it contain? 

Effexor acts as noradrenergic and 
reuptake inhibitor. 

Would you repeat that, please? 
Noradrenergic and serotonergic reuptake 


A 

Q 

it’s al 



A 

serotoner 

Q 

A 

inhibit 

Q 

right? 

A 

Q 

A 

Q 

A 





Okay. The second part was serotonin; 


No, serotonergic. 

Serotonergic reuptake inhibitor? 

Yes, sir. 

What is that? 

Serotonergic reuptake means it blocks the 


NAGY-BAKER COURT REPORTING, INC. 

i. i nd u/docs/f1x10001 


52259 8488 






1-800-964-3376 

http://legacy.library.ucsf.ecEi(6lirtiftgr(>iJ^dGffi^|si'ett/w.industrydocuments.ucsf.edu/docs/flxl0001 


52259 8489 



52259 S490 










49 


MR. KEMNA: Objection. 

That is not true. 

And what do you base that on? 

Vast is not a statistical term. 

Oh, vast is not a statistical term; 


that 1 s what you base it on? 


You're using incorrect usage. 

Well, I guess I would wonder then how do 


you knb|»r whether or not I'm right or not with the word vast 


if you 



know what the word vast means? 

Vast means large, all encompassing. '''* 
You mean you define vast to mean 100 


lent?? 


encompa 




No, it means vast, large, all 
All-encompassing means everything. 

Okay. So to you the term vast majority 


means hOO percent; is that right? 


MR. KEMNA: Objection. 

You're misusing the word vast. Vast is 


an adjective and cannot modify majority. 


Okay. So vast has no meaning at all; is 


that right? 


MR. KEMNA: Objection. 

A I do not edit dictionaries, but vast 

correctly should be limited to geographical or astronomical 
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spaces. It’s not meant to modify quantitative measurements 
except for astronomical or geographical distances. 

Q Okay. Let's try to be more specific 

then. You'll agree that more than 50 percent of the people 
who are alcoholics are also cigarette smokers; correct? 

A Yes. 

You'll agree that more than 75 percent of 
o are alcoholics are also cigarette smokers; 



correct? T 


A 

Q 

A 

Q 

# 

A 

Q 




In some countries. 

How about the United States? 

Yes. 

You say yes? 

Yes. 

And did you ever successfully treat a 



person who_4.s alcoholic but the person who was successfully 
ilcoholism continued to smoke cigarettes? 

Some do; some don't. 

What percentage do continue to smoke 
cigarettes after they've stopped drinking alcohol? 

MR. KEMNA: Objection. 

A I do not have those figures. 

Q Do you agree that the first changes in 

electroencephalogram, or EEG, readings which measure the 
electrical activity in the brain, of course, occur before 


i 
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nicotine reaches the-brain; and I’m specifically referring 
to the effect that nicotine has? Do you agree with that? 

MR. KEMNA: Objection to form. 

A First of all, your question is based on a 

supposition that the EEG measures electrical activity of 
the brain. It does not. It measures only the first 


centimeter or two. 


It measures only the first centimeter or 


two of tehe Tsrain? 

T 



underst 





Yes. 

Using your definition of EEG? ' r 

It's not my definition of EEG. It's the 
That's all EEGs are capable of doing. 
Well, your understanding of EEG. 

I cannot answer. It's not my 
That's what EEGs do. 

Using your absolute certainty of your 


understanding of EEG -- 


A I cannot respond to it. If you will ask 

me the question of what EEGs actually do, I will respond. 

Q Do you agree that so you're an expert 

on EEGs; is that correct? 


Q But you have.absolutely certainty about 

what an EEG does; correct? 
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MR. KEMNA: Objection. 

A It’s one of the tools we learn in medical 

school. 

Q But you never learned in medical school 

whether cigarette smoking causes any disease; is that 
correct? 

^ MR. KEMNA: Objection. Asked and 

answere<^l^ii *a number of-occasions . 

Q Is that correct? 

MR. KEMNA: Same objection. 

A please repeat the question. 

Q But you never learned in medical school 

^ cicpg|ette smoking causes disease; is that correct? 

MR. KEMNA: Objection. Asked and 

answered. 


A 

Q 

absolut 



I’ll refer you to my previous answer. 

But you did learn in medical school with 
rtainty exactly how an electroencephalogram 


works and exactly how many centimeters of the brain that it 
effects; is that correct? 

A If you will recall, I took neurosurgery 

in medical school. The EEG is an important component of 
neurosurgery. 

Q You did take courses on causation of 

disease in medical school, too, didn't you? 
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answered, 
Q 

answered. 
A 

question, 
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MR. KEMNA: Objection. Asked and 

I do recall you saying that; am I right? 
MR. KEMNA: Objection. Asked and 

X have previously responded to your 

Yes, and you said you took courses in 


causation,^fust to clarify the situation. As far as logic 


re concerned. 

t me try to ask the question again, and I'rrv' 
frn'll comment if there's anything in the wording 
s you in any way. 

f'ou agree that the first changes in an 
halogram, EEG readings, as it relates to 
cur before nicotine reaches the brain? 

MR. ARCHIE: Objection to form. 

It has been reported. 

Is that your answer? 

It has been reported. 

By whom? 

I do not know. 

So you don't know whether or not that’s 
true or not; is that correct? 

A All I can say is it has been reported. I 
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cannot give you the author. 

Q Will you -- do you accept that report as 

being reliable and accurate? 

A I can neither accept nor not accept. In 

science it's not -- things are not taken on faith. There's 
a series of reports, and over time the reports generate 
certain^hypotheses which are then tested. 

Q 5 So these reports that you're aware of, do 

you kno ^^ i j ther or not they've been tested over time? 

A I do not, 

q Do you agree that both muscle relaxation 

and EEG flufopsal are reinforced by nicotine action on 
n >na.U^ircuits in the brain and spinal cord? 

MR. KEMNA: Objection to form, 
when you say reinforced, you mean? 

$as multiple definitions in medicine. I need to 
context you're using it. 

What are your numerous definitions of 

Again, these are not my numerous 
definitions. These are accepted definitions. 

Q What are these accepted definitions 

of reinforced that you're familiar with, Doctor? 

A Reinforced is setting up a behavioral 

pattern. Reinforced can mean a neuronal pattern. 
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Reinforced can mean an additive or multiplicative or 


synergistic effect. 

Q Okay. In this instance I'm referring to 

the additive effect. Can you answer the question? 

MR. KEMNA: Objection to form. 

A I need you to repeat the question. 

MR. HOAG: Can the court reporter 
repeat jjp^iuestion I asked? 

(W^er^apon the record was read as requested.) 


Q I’ll just start over. It’s confusing to 

go back|g|j||y that many times. Do you agree, Doctor that 7 / 
both mupMlij relaxation and EEG arousal are reinforced, 

1 s an additive effect, by nicotine action on 
^■^^Sona^^^^rcuits in the brain and spinal cord? 

MR. KEMNA: Objection to form. 

A Okay. Now I’m starting to understand 

your question. Okay. The additive effect, to what is it 


being 



nicotine is being added to what? 

The nicotine is being added to its 


initial effect. Its initial effect being muscle relaxation 
and EEG arousal. That effect is then reinforced by further 
nicotine action on neuronal circuits in the brain and 
spinal cord; do you agree? 


MR. KEMNA: Objection to form. 


Yes. 


NAGY-BAKER COURT REPORTING, INC. 


http ://legacy .1 ibrary. ucsf. ecKi^id/ig rCf^^o[K3//f3yd#/w 


( 330 ) 746-7479 

. i nd ustr^dcfeftftf^fii. uSifT^j u/docs/f1x10001 


52259 8497 





56 





Q Do you agree that nicotine causes the 

brain to release more adrenalin? 


A 

Q 

A 

Q 

stimula 
A ^ 

Q m 

f eelinglP 


k 


Q 

internal 

A 

Q 

related 

A 

Q 






Yes. 

And dopamine; correct? 

MR. KEMNA: Objection. 

Yes. 

And that those two substances act as 

Yes. 

And dopamine, of course, also enhances 

S I 

{pleasure and well-being; correct? 

MR. KEMNA: Objection. 

It can. 

Have you reviewed any tobacco industry 
uments? 

Yes. 

Have you reviewed internal documents 
esearch concerning the effects of nicotine? 

Yes. 

Have you reviewed any of the research of 


Dr. Frank Gullotta? 


A 

Q 

A 

seeing that name. 


Please spell that name. 

G-U-L-L-O-T-T-A, I believe. 

I may have, but I have no recollection of 
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Q Have you reviewed research done at 

Battelle called the fate of nicotine in the body? 

A Yes. 

Q And is there anything in that research 

that indicates to you that nicotine may be addictive? 


industr 



Is there anything in any of the tobacco 
ernal documents that indicates to you that 


nicot in^, ma<y be addictive? 


MR. KEMNA: Objection, 

Not those that I have reviewed. 







this yei 



And how did you come to review internal 
Were they shown to you during depositions? 

They were made available to me June 17 of 


Q By whom? 

A % Joseph Hunt. 

Q ? ,, And who is Joseph Hunt? 

A mmrd He's an attorney. 

Q Who did Joseph Hunt represent? 

MR. HUNT : I’m on the line. Joseph 
Hunt; I represent the Brown & Williamson Tobacco 


Corporation. 


asking you. 


MR. HOAG: Well, I really wasn't 
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MR. HUNT; I just wanted to clarify 
the record, and he may not know who all I represent; and 
you're asking about me, so I'm going to say who I 
represent. 

MR. HOAG: Well, I really 

MR. HUNT: Even though I stated it at 

the beginning. 

MR. HOAG: See, I'm not asking you; 
I'm ask|n^the witness on the record here during the 
depositifg^i.^ I'm not taking your deposition. 

- * 

MR. HUNT: You want to object. Go 

ahead aricTTaik him. 

MR, HOAG: Well, I did ask him and 
ed. All I wanted was an answer from the 


you intd 
witness, 

Q 

name. 

A 

Q 
A 





And who does Joseph -- I forgot your last 
es he represent? 

$ 

I assume you're speaking of Mr. Hunt? 
Yeah, who does Mr. Hunt represent? 

To the best of my knowledge, Brown & 


Williamson. 

Q And why did he send you those documents 

on June 17, if you know? 

A To review. 

Q Was it to review in preparation for the 
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Engle case? 


please? 


Yes. 


Do you have those documents with you? 


Yes. 


And can you identify those documents, 


I'm not sure what you mean by identify. 
Well, how many documents do you have with 





f" ^ 

5 •'VSSN?^ S 


documen 



Fourteen. 


And can you identify those fourteen 




Proj ect| 
The pho; 



>lease? 

Yes, Final Report on Project Hippo I; 

. regarding Project Hippo; Final Report on 
>o II. And I have one I cannot read the title. 
>ying is not good. I can read the report but 


not thehmrie. 


Q What’s the report say? 

A it says, first word I understand and it 

says then, so blank, of report in Project Hippo, blank, 
blank and Project Hippo 2, blank, blank. 

Q Okay. Next. 

A Then there’s a, all I can read is 

"telephone conversation" and basically that whole report 
was unreadable, so I couldn't consult it. 
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Q Okay,. What was next? 

A Fate of Nicotine in the Body. 

Q Who's the author of that? 

A Centre de recherche, de Gendre. 

Q Okay. Who's next? 

A Outgoing cable to Mr. McCormick from Ms. 

Yeaman. ^Incoming cable to this individual Yeaman from Mr. 
McCormicJ^ri’hen a letter to Mr. Yeaman from Terry or 

h| a report, and I cannot read the title. Then a 
irman from Sir Charles Ellis. Then a note 

- i 

from Mr. ubchins. 

The Smpking and Health, Surgeon General Publication 
11®1 I^^includes the Advisory Committee, the committee 
staff a JlpifiiLpter 2 . 

, Memo A,286 Visit to Battelle Institute, 

9th August, 1963. A letter to Sir Charles 
Institute, signed, looks like Welk. 

Is that all of them? 

No. Then Review of Activities of the 
Tobacco Research Council 1963 to 1966. 

And that concludes the documents which I received, 

Q Okay. I'd like to just have those marked 

as a composite exhibit. Plaintiff's Exhibit 1. 

A Okay. And in addition I received, which 

was not part of those documents, under separate cover, a 
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letter from Robert Hockett of the Tobacco Industry Research 
Committee to Peter Hamill, staff medical coordinator. 
Surgeon General's Advisory Committee on Smoking and Health, 
several pages, more than several pages. The first page Dr. 
Hockett informs Dr. Hamill that he's sending him a list of 
references for study on the possible beneficial effects of 
tobacco, and he informs Dr. Hockett that he may find this 
to be interest for further study; and then there 

follows^a bibliography of 25 separate references assembled 
by the Industry Research Council. 

lere follows another page of references, ' 

|but it looks like it's approximately 20 
There follows another page of references, 
^again approximately 15 references. There 
i|her page of references, approximately 20 
references in English, French, German, as well 
as a Scandinavian reference in English. There follows five 
more references from German and American sources. 
Ths^yapncludes my papers. 

HR. HOAG: Okay. All those that 
you've listed, I'd like to have those put together as 
composite Plaintiff's Exhibit 1 and attached to his 
deposition. 

MR. KEMNA: John, you should have a 
list of all those documents that we provided to your office 
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A "Addiction, Dependence and Habitual 

Substance Use," by David Warburton. 

Q Okay. Other than those that you've 

already named, did you bring any other documents with you? 

MR. KEMNA; John, we have copies of 
the Doctor's billing statements that were provided to your 
office regarding the Engle case. 

MR. HOAG: Okay. You have the 

ements. 

Anything else other than the billing 
nd the other things you've already named did 
you britssmiith you today? 

No, sir. 

MR. HOAG: Okay. I'd like to get 
the, I llpiiik you said it was an article by Larson & Haag, 
did H-O-G-G? 

H-A-A-G, and I’ll just spell them for the 

i %er as well as you, Larson, Haag, H-A-A-G and 

1 

i-T-E. It's a chapter in a book that they 





jointly authored. 

MR. HOAG: I'd like to have that 
marked as Plaintiff’s Exhibit 2; and also the third thing 
you listed that I think you said you don't rely on, I'd 
like that listed as Plaintiff's Exhibit 3, and the billing 
records as Plaintiff's Exhibit 4. 
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(Whereupon the reporter marked for identification 
Plaintiff's Exhibits 2, 3 and 4.) 

Q As to Plaintiff's Exhibit 2, which is the 

chapter from the book by Larson and Haag, H-A-A-G; that's 
so close to my last name I like to pronounce it 
differently; I'll just say Haag. Do you rely in any way on 
that book; on that chapter? 


A 

Q 

helps y 
A 

"for thi 
Q 


NO. 


§ 3 *'' 



There's nothing in that chapter that 
rm a basis for any of your opinions today? 

No. 

Why did you bring it with you today? 
Because I reviewed it in my preparation 
osition. 

But it didn't assist you in any way in 

your preparation? 

MR. KEMNA: Objection. 

I don't know if it assisted me. It did 
not maki ass me s ^or assist me in forming a specific opinion. 

Q Did it assist you in any way in preparing 

for the deposition? 

A I can’t think of a way. I’m not saying 

it didn't. I just can't think of a way in which it did. 

Q Okay. And Plaintiff's Exhibit 3, did 

that assist you in any way in preparing for the deposition? 



NAGY-BAKER COURT REPORTING, INC. 
(330) 746-7479 

http://legacy.library.ucsf.ec®(^jfi§r(W^(Ky//(^w.industrya%(^ro§^-Uf^idu/docs/flxl0001 


52259 8506 






65 

A As I said earlier, I put this in a bag 

that I brought, a backpack, I brought all these materials. 
It must have been in the backpack already. It wasn't used 
at all. 

Q Okay. You didn't even review that? 

A No. That was included accidentally. It 

was probably in the backpack when I packed it. 

MR. HOAG: Okay. I don' t have any 

other questions. Do any of you have any questions? 

If •’«««!»• 

ptlMPl MR. KEMNAj John, let's take a break 

! . $ 

for a mSmei.t. We'll come back in about five. ■' 

f* S 

(W^^^ipon a brief recess was taken.) 

>CT PM^NATION: 






Dr. Giannini, just a few questions. 

Yes, sir. 

Q The documents that have been marked 

collectedly as Plaintiff's Exhibit 1 consist of documents 
that yo|Jtfe sent on, well, with the cover letter, June 
17, 1998? 

A That's correct. 

Q And you've had an opportunity to review 

these documents; is that correct? 

A That is correct. 

Q Is there anything in those documents that 
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in your opinion would change any views that you have 
regarding the question of whether cigarette smoking should 
be considered addictive? 

A No, sir. 

Q To the extent you had an opportunity to 

review those documents previously marked as 

MR. HUNT: I was afraid I might have 


been cui 


reason 


I got cut off one time before. That's one 
1 to identify myself to you on the record 


because ; wheh I first did come on the record earlier at the 


deposit 
just wa: 



r ou weren't yet on the phone, Mr. Hoag. So I 
make sure that I haven't been cut off again. 

MR. KEMNA: John, Jodie, you're both 


oncne and, in fact, I had started asking questions 

of Dr. Gi'aSini not knowing that you could not hear me. 


MR. HUNT: I heard some stuff. I 
heard yooi^a^k him about the documents and if they were sent 



to him 


hear an 



f he had a chance to review them, and I didn't 
b after that. 


anything after that. 


MR. HOAG: I also didn't hear 


MR. KEMNA: Let me just go back on 


with questions and answers from that point then. 

Q Doctor, you've already indicated that 

you've had an opportunity to review the documents marked as 
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Plaintiff's Exhibit 1; is that correct? 

A That is correct. 

Q And in your opinion, is there anything 

within that collection of documents that you have reviewed 
that would affect your opinion that cigarette smoking 
should not be considered an addiction? 


question? 



MR. KEMNA: Can you repeat that 


You've reviewed the documents 


collectlP^W marked as Plaintiff's Exhibit 1. Is there 


anythi 


opinio 




collect 



tained in those documents that would change''the 
you have expressed that cigarette smoking . 
e considered an addiction? 

No, sir. 

Is there anything about the documents 
marked as Plaintiff's Exhibit 1 that you think 


would have^een necessary as information to be disclosed to 
anyone at th at time to resolve the question of whether 
cigaret|g||||poking should be considered an addiction? 

MR. HOAG: You cut out on several 
words for some reason. I only heard half the words you 
said in that last question. So if the court reporter 
could perhaps repeat it. 

MR. KEMNA: Yes. 

(Whereupon the record was read as requested.) 
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MR. HOAG: I'm going to object to the 

form of the question. 

A There is no information in these 

documents that would have changed the knowledge in the 
scientific community at that time. 

Q Dr. Giannini, if you are asked questions 

regarding the research disclosed within the documents 
marked ^$STOxhibit 1 collectively at the trial of this 
matter, fgapjou feel prepared to respond within your field 
of exper|||||g: regarding those documents? 

A r*—Yes, sir. 

_ H0AG: 1 ' m 9 oin 9 to object to the 

fo&ssmj of question. 

Q Doctor, you've seen your expert 

disclosurejptatement in this case? 

A Yes, sir. 

Q In your disclosure statement you agree, 

don't ycSflWSiat it says that Dr. Giannini may also be asked 
to commencupon the opinions expressed by other witnesses 
to the extent that they relate to his areas of expertise? 

A Yes, I see that. 

Q Does that accurately reflect the 

expectation you have to testify regarding the issues in the 
trial of the Engle case? 

A Yes, sir. 
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MR. KEMNA: That’s all I have. 

MR. HOAG: Okay. 

CROSS EXAMINATION: 

BY MR. HOAG 

Q What opinions of other witnesses are you 

going to testify about? 


A 

to give. 

I 

Q 

Engle c| 
A 

Q 

E&Me c 


I'm not sure what opinions they're going 




Do you know who the witnesses are on the 


No. 


Have you read any depositions in the . 



x 


No, sir. 

^ MR. HOAG: Well, I will just object 

to any gp#£^mony this witness plans to provide on things 
that heNld^sn't know about today and move to strike any 
such tefnrimgny that's made in the future/ and I'm done. 

MR. HUNT: I have a question. 

MR. HOAG: Well, wait a second. You 
just did that. You don't get a question after this. 

MR. HUNT: Nobody asked me if I had a 
question and you just started in with your own question. 

MR. HOAG: Well, I'm going to object, 

but go ahead. 
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CROSS EXAMINATION: 

BY MR. HUNT: 

Q Dr. Giannini, if you are asked questions 

at the trial of the Engle case concerning the documents 
that have been marked collectively as Plaintiff's Exhibit 1 
at this deposition, do you intend to give your opinion that 


you have about those documents based on your review of 


ts? 



Yes, sir. 

MR. HUNT: I have no further 


MR, HOAG: All right. I'm going to 
oJ&M&ct tj^the Doctor providing any opinions concerning 
iese dd^ffiihts because this was not disclosed on the 
disclosur^e^/tatement anywhere that he was going to review 
internalf^TOCiiments and provide opinions concerning what 
those intgrr^.I documents meant; and when I asked him if he 
relied way on any of those documents earlier, he 

said noJ^IRS I'm objecting to that, and I would move to 
strike any testimony at the trial related to that. 

MR. KEMNA: I'll just note for the 
record that a list of every document contained within the 
group Exhibit No. 1 was provided to plaintiff's counsel in 
advance of this deposition to be responsive to their 
request for production of documents in this case, and Dr. 
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I HEREBY CERTIFY that the above and foregoing is a 
true and correct transcript of all the testimony introduced 


and pro 


above-ei 



gs had in the taking of the testimony in the 
d matter, as shown by my etenotype notes taken 
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ABSORPTION AND FATE 



ABSORPTION 

j$n, tbe absorption of nicotine and other prod- 
^ uh or combustion tHU^be treated in a non* 
^ fut, whenever possible.j|ggmrative manner, 
uwog of the rate of ebsorpfwlfbf nicotine and other 
, tbe amount of ab|gjrptjo&, and factor* in- 
the sections belof.* 
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on tbe longue 
b characteristic 
aElencorput, 1651, 
he oral mucosa 

tardcd absorp¬ 
tion (1944) 
fficient was the 
tion of drugs 

coefficient, the 
Nicotine, bow- 
rrelation, since 
); but, since it 
ns, its behavior 



aide red more as a mcjdtfieatkyi of the correla- 
ntradiction of it. To state the |orre]ation more 
, it might be said t^^^^eoetrabiUty of 
be oral mucosa was- uvored, by a high fat- 
on coefficient or by s&§j3&g$fi|onallv high fat 
ditioD to the unique; sol|bilitv of nicotine in 
.. is unusually alkali^pB^^^tant, the latter 
ibly an important coo'diboning odc in its high 
ability. 

y absorbed from chewing-tobacco, al- 
rplion U ksa rapid than occurs on smoking 
(Gaede, 1941a). Nicotine was found to be ab- 
acco-smoke even when tbe smoker did not 
n Lehmann, 190S). Whether or not the carbon 


sorbed frb 
inhale (E ^ 

mononde^fi^gfcco-emoke could alao be abeorbed through 
tbe mucous membranes of the mouth was left undecided 
(Jongbloed, 1939). 


JRaipfrofory Trad 

Injection of 1 ml. of 1:1000 per kg. nicotine into the nasal 
cavity of dogs aoesthetiied with chloralose mulled after 25- 
8© seconds in increases in respiration, blood pressure, and 
pulse; in contrast to animals given the aame dose iDtrs-tra- 
cbeally, iDlra-nasal injection was not fatal (Dobriarrski, 
1926). Mscht (1837*3$, 193S) reported rapid absorption of 
nicotine from the cose of rats, guinea pigs, and rabbits. Gaede 
(1944) estimated the effectiveness of nasal m. intravenous 
dose* of nicotine at about 1:10; he used nicotine alkaloid 


and nicotine hydrochloride in rabbits, cats, and dogs, the spe¬ 
cies effect of naaal administration diminishing in that order. 

Cornel (103$) reported that be had never observed absorp¬ 
tion of tbe dust particles by the nasal mucosa following experi¬ 
mental insufflation of snuff in guinea pig*. 

Maeht (1033, 1637-3$, 1938) found that the absorption of 
nicotine applied to the pharynx of cats and rabbits was re¬ 
tarded when the pharyngeal mucous membrane was severely 
injured (i.e. more or less necrosed), while the alkaloid pene¬ 
trated readily when the chemical reagent was not a destructive 
one. TVhen applied to the pharynx, epinephrine and ephe- 
drine did not retard pcoetration of nicotine; sine sulphate,.- t 
glyceritos of tannin, aDd mercuric chloride delayed absorption; 
mercurocbrome and merodicein and aluminum acetate ef¬ 
fected no change in the absorption time of nicotine, while 
gentian violet delayed it (Maeht, 1933). Damage by frrering 
with dry ice, by scalding, and by other physical agents abo 
interfered with the absorption of nicotine (Maeht, J937-3S, 
1938). 

Nicotine (1 ml. 1:1000 solution per kg.) introduced into the 
trachea of chioralo*cd dogs was absorbed, and was followed in 
10-20 seconds by increases in respiration, blood pressure, and 
pulse, aDd ultimately by death (Dobraanski. 1926). In dogs 
fitted w ith tracheal cannula, cigarette-smoke directed into the 
Jung? gave a greater hypertensive response than directing the 
smoke into the upper respiratory pa.«s3gea, while in the rabbit, 
inhalation of cigarette-smoke cuuvd marked respiratory and 
cardiovascular effect?, but when the smoke was simply circu¬ 
lated through the mouth, these effects were greatly reduced 
(Jourdar. and Collet, 1044, I960). 

H. Keller (193$) incorporated 3 mg of nicotine in 10 ml. of 
2.5% Prontosi I-Soluble, and had subject* inhale the solution 
by means of an atomim. Rises in blood pressure and pulse 
rates were evidence of pulmonary absorption of nicotine. 

Erma Ib and Holsti (1955) studied the rale of absorption of 
tobacco-tar in the organs of the respiratory tract of Laboratory 
animals, but, owing to difficulties in technique and interpreta¬ 
tion of dote, a detailed description of this portion of the study 
was not reported. 

A Dumber of caees have been reported of nicotine poisoning 
caused by the inhalation of nicotine sprays. For example, a 
woman aprajing flowers in an enclosed place with a prepara¬ 
tion containing nicotine developed mild nicotine poisoning; 
there was no conta rt whatsoever of the solution with her hands 
or body, and the poisoning was attributed to iobaUtioD of 
nicotine (Gindhart, 1939). A man inhaled some nicotine sul¬ 
phate while treating cattle, and developed severe nicotine 
poisoning (Pybus, 1943). Other oa*os sre mentioned or de¬ 
scribed in Chapter 14. 

Cflj.’re-tnlcah'rjnf Frocf 

Travoll (J04Ou) reported that fatal absorption of nicotine 
took place fromthc ligated stomach of the cst when the pH 
of the gastric juice was alkaline, but not when it was acid- 
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StrODg infusion of tobacco injected into the rectum killed 3 
dog* and 1 cat in 7*10 minutes (B. C. Brodie, 1811). In nun, 
numerous coses of nicotine poisoning have been recorded as a 
result of tbe therapeutic use of tobacco-infusion enemas (Acta 
Helvetica, 1762; ‘'Physician," 1813; Paris and Fonbbnque, 
1623; Ansiaux, 1S27; Grahl, 1S30; Tovignot, 1840, 1841; Ber- 
tini, 1846; Eade, 1849; Copland, 1888; J. B. Wilkinson, 1889; 
Lancet, Land, £• 765, 1894; Ehrnrooth, 1912; Fulpiua, 1913; 
Gwrii^iei3?J>cUa, 1937; Willis, 1937; among others); ab¬ 
sorption from t|us route b ao rapid as to be extremely danger* 
out. Ac&E&sa^to S. Wright (184$), a man sat over a chamber- 
hatf an ounce of tobacco, together with 
ease himself of piles; in a few minutes, he fell 
characteristic eymptoms of nicotine poisoning. 
Gill <1&Q1) reported that a-h ounce of cut Cavendish tobacco 
it ojfcfc c rectum by a mao desiring to smuggle the 
rprwoo also produced^cotine poboning. 
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Skin 

dies, Mclndoo (191 
do not penetrate 
la of the rockroac 
to nicotine vapor ( 

34); this was also lruM»F<*W imagoes and older 
' of the cockroach ap'd of thellarvae of the noc- 


ded that nicotine 
meets of insects, 
ocust were found to 
chardwn, Glover 


r, 1936). 

to the, underside of 
ted in acute nico- 


fefioiAb oSiolelaTi\ 

(92-05%) nicotine ifppt 
tail feathers of chicl ^m 
(C. Dickson. IWUrn 
Haag and Neale |^|||p|icotioe alkaloid b 
>ugh the skjo of the tiatl uawlite mice. The rate 
£ varied largely with the concentration of nicotine 
>n, but nicotine a&lts were practically not ab- 
lh the intact aldn of the tail, 

sloid applied to the ahaven akin of rats and 
Vas readily absorbed, and produced toxic aymp* 
1937). 

Dixon (1884) placed nicotine on an adhesive 
plaster , and applitd it to the abdominal 6kin of rabbita. In one 
ease, 1 drop of nicotine caused death in 5 hours 11 minutes; 
in each of 3 cases, application of 10 drops was fatal in 109 
minutes, 28 minutes, and 36 minutes, respectively; in a 6fth 
case, 15 drop® caused death in 2$ minutes. Bur-stein (1927b) 
tested the absorption of nicotine from dry tobacco dust de¬ 
posited on tbe ahaveD akin of rabbits. The animala were then 
wrapped in cloth, but no symptoms were observed, which 
might indicate that the amount of nicotine absorbed was too 
a mall to cause symptoms. Manganaro (1935) applied nicotine 
base, nicotine tartrate, and tobacco extracts to Urge areaa of 


the akin of the abdomen of rabbits end dogs following removal 
of hair, and found evidence that nicotine bo** was rapidly ab¬ 
sorbed, whereas nicotine tartrate was not absorbed, or only 
very alightly »o, Absorption of nicolioe occurred from the to¬ 
bacco extracts, the rapidity and degree being proportional to 
the concentration or the alkaloid in tbe extract. 

Faulkner (1033) applied 2-10 ml. amounts of “Nico-Fume 
liquid” (a 40% aolution of free nicotine) to 8-7 cm. areas on 
the abdomen of 5 cate; the area was then covered by an in¬ 
verted glass dish held down tightly with adhesive. All the 
animals died of nicotine poisoning, while 3 cate aimiiariy 
treated with “Black Leaf 40" (40% nicotine aulphate) 
el ;wed no effects. 

WiOeobbcber (1940) found that nicotine wet absorbed 
through tbe shaved akin of dogs; uguificant variations be¬ 
tween animals were noted. 

Andri (1941) reported that of 36 horses washed with a aolu¬ 
tion of nicotine (24-25 ml. of nicotine per borae) for the pur¬ 
pose of delouaing, 6 developed typical symptoms of nicotine 
poisoning. Characteristic nicotine poisoning, aometimes fatal, 
hw also teen reported to follow dressing cattle with nicotine 
aolutioos (de Leur, 1934; Kamaris, 1936), aolutions of nico¬ 
tine sulphate (Hornby and French, 1942; T. H. Jones and 
John, 1943; Pybus, 1943; McGrath and Campbell, 1944), or 
tobacco extract (R. B. H Murray, 1943). 

Sufficient absorption of nicotine to cause serious or fatal 
poisoning in humans has resulted frotn application to tbe akin f 
of tobacco or tobacco leaves (B. J. A- Murray, 1793; W. A G,, 
1640; Poiko, 1884; J. G. Stephenson. 1857; Namias, J664; 
Tosini, 1864; Allan, 1871; 0‘Neill. 1570; Deacon, 1926; among 
others), tobacco infusions or decoction* (S. Jackson, 1826; 
Sigmond, 163-Sa; Blanchard, 1869; Auchi, 1891; JaurioD <i cl., 
1940), or "tobacco tars" (often called pipe-oil, eenpyre umatic 
oil of tobacco, pipe-residue) (Calosi, 185$; Turcbetti, 1860; 
Boston M. A S J. 73: 340, 1868; M. G. Evans, 1869, Hare, 
1885; J - O. Jones and Morris, 1926; among others). In these 
ca^es, the akin was norma!, wounded, ulcerated, acorbutic, or 
showing chronic eruption (renew of t aerie* of early eases by 
Gallavardin, 1864a, b). It is interesting to note that, although 
B, J. A. Murray (1793) reported that a salve made of ipuff 
and butter rubbed on the heads of 3 children to cure bead lice 
resulted in nicotine poisoning, Somervail (1838) noted that 
tnufi plasters applied to the akin did not produce aymptoms of 
nicotine poisoning unleas the cuticle were abraded. It may be 
noted the MUev (1954) atated that abrasions of the akin acted 
as eites of absorption in tobacco-worker* harvesting tobacco 
leaves moist with dew. The ready penetration of nicotine 
through the intact akin ia evident from an account by Foville 
cited by Ritchie (1926). Foviiie (/r./uener da Vilcmmii rvr 
no4 Orpcna, Faria, 1634) described the French military head¬ 
gear of his time as especially tight, heavy, and unvmtilated; 
and he added that aoldien were accustomed to carry tbrir 
tobacco inside their caps, and that tyroptoma of narcotism 
often resulted, A number of cases of nicotine poisoning result¬ 
ing from contact of the akin with nicotine aolutions, as in 
gareiener* using nicotine iprays, have been reported (D. J. B. 
Wilson, 1930; Lockhart, 1933; Jungerhaus, 1937; Wthrlin, 
1938; Gindhart, 1939; Mattel, 1639, Beiemer, IMS); absorp¬ 
tion in this manner appears to be very rapid. The form of the 
preparation is cot without iafluence; nicotine aalicylate made 
into a 0.1% aalve with Unolio did cot cause any symptoms 
of poisoning upon inunction, while treatment with nicotine 
soap caused marked intoxication symptoms in 2 of 6 patients 
(Wolters, 169S). These differences are undoubtedly related to 
the amount* of the free etkaloid. 
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XIua>u4 hitmkranti 

Nicotine was Absorbed Jes? efficiently through mucous rur- 
face* than through serous Eurfe.ee* (Fujita, IMS, 1927; Shioya, 
1927, 1929; Ter am La, 3927, 1929). Nicotine penetrated more 
rapidly through normal mucous membranes than through 
pathological or pecrotir mucosa, unless there were open blu¬ 
ing vessels (Macht, 1933,1937-38,1938). 


*pff ^ J^ericordi urn 

BalUceenu Mid co-workers (1936) introduced nicotine into 
the per^^^'ctvjty of dogs under chloraloson anesthesia 
with a^lnSJV] respiration and the thoracic cavity opened. 
XVithin fs few aocoods. marked increases in arterisj pressure 
and were observed, and 3-8 minutes after 

penetration of meotine in the pericardium, the cardiac effect* 
were 




nicotine applied to Jp^ytlof a dog caused 
with recovery (OrfUl 3851a), and, in another 
2-3 minutes (Orfiia| ! 'l8 ! §ib',%). The ajwtemic 





abbit by placing 
iky, 1869). Nico- 
the conjunctiva 
Macht, 1937-38, 
introduction of 
hether the nasal 
^Absorption from 
aomewhat more 
). 


i< were also produo 
nicotine in the eye 
also rapidly ab«>r 
je* pigs as well as of 
3938). Nicotine poisoning resulted 
tbe drug ^nto the conjunctiva! iac 
duct or occluded (Mac 

the conjumiva^i rabbits, cats, and* 
rapid the nas^^itv (■ ' 

mm* syi 

Application of blot|gg£|||g|£7 aaiurated with 

nicoUsgg§|e||ta£cerebral cortex moloFareeTq^ on the posterior 
aurfad <Ohe|bulb, of dogs rerult^^^^0-40 seconds in 
nicotine d^Ppta (Baglioru, 1927). ® 

Xicotirajin|d©M$ of 3-2 mg. injecte^ftto the cistern! of 
dogs wa^|$sliy absorbed from t tiS^P ^brospin*] fluid into 
the bloo# on^et of blc<>d-pre**urefn« v> 'wS nearly as rapid, 
and nearly a* great, aaNTt^Ti®;action had been 

made int£|V£gously (Dixor. and KalHburtoi, 3 933-16). Nico- 
of 1 tng. by rub-cK^^S^iuncturo produced 
cardiovascular, resp^atorv, $nd emetic effects 
^elphaut, 3 936). pni 
id Ogata (1930) exposed the aeiatic nerve of 

>eana of a £x>t need^l^^H centrally under 

tth a solution of nicotine dissolved in machine 
aDd other signs of nicotine intoxication re- 
(3 934) reported that nicotine injected into the 
e sp f dogs or rabbits caused the «me traiD of aymp- 
drug were injected intravenously, These reaulte 
wm eroi£$§Jy due to aystetruc absorption of the nicotine, 
boweve& fo£>when tbe experiment was repeated with the 
vigui tttbxN^ubly ligated to occlude the lymphatics and 
blood vessels of the sheath without injury to the nerve fiber*, 
injection of nicotine into the aheath between the ligature* had 
only the local action of blocked conduction (Barry, 1935a). 



tine in 
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(Merct 
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tom* as 


Geniio-urinary Trad 

Nicotine was rapidly absorbed from tbe vagina of rats, 
guinea pjgt, and rabbits (Macht, 1637-38, 1638). Nicotine 
was also readily absorbed through the vaginal mucous mem¬ 
brane of white mice (Hang and Xcatc, persona! communica¬ 
tion; also l64(t). Filling the vagina) canal with e 2% solution 


of nicotine in saline produced death in the majority of the 
mice employed. Nicotine sulphate was also apparently ab¬ 
sorbed through the vaginal mucosa, but to a lesser extent or 
less rapidly than nicotine, since the concentration of nicotine 
as nicotine nectaaary to produce death id a comparable num¬ 
ber of mice was about 30 times that for the free nicotine solu- 
tion. 

Tobacco injections per papinom in a patient with tetanus 
resulted in characteristic symptoms of nicotine poisoning 
(Smart, 1830). 

Application of nicotine to the seroua surface of excised 
rabbit uterus produced more intense response than did appli¬ 
cation to the mucous surface; the difference was attributed 
to differences in absorption capacity of tissues and penetra¬ 
bility of the drug* used, as well as their mode of action (Tera* 
aaka, 1927, 1926). 

Macht <1937-38, 1938) reported that nicotine was rapidly 
absorbed from the urethra of rats, guinea pigs, rabbiu, and 
dogs, but not from the bladder of dogs (Macht, 3938), 

Travel! (1640b) injected buffered solutions of nicotine into 
the bladder of cats, and found the absorption and toxic effects 
progressively increased from pH 4 6-6 0 to pH 9. The volume 
of the injected solution remained constant, while the nico¬ 
tine was absorbed. Comparing nicotine absorption from the 
bladder with that from the stomach, (Travel!, 3640*), the 
author concluded that the rales of absorption were approxi¬ 
mately equal at equal pH, when the greater surface of the 
stomach was taken into consideration. Travel!, Bod an sky and 
Gold (1640) suggested that when the urine was alkaUmted. 
the cat might be poisoned by the nirotine which had collected 
in iu own bladder and which in consequence of the alkalinut- 
tion was now reabsorbed, and that a simitar poisoning might 
occur in tobacco-smokm from reabsorption of nicotine from 
the human bladder when the urine was alkaline. This latter 
suggestion ha* been rebutted by Haag and Larson (16-12). 

SubculamcuJ 

Nicotine deposited through an incision beotelh the skin in 
dogs and cat* produced characteristic poisoning (Longrhamps, 
d« Loiaeleu? and Metier, 1844-46), Tobacco-smoke drawm 
a to a syringe and insufflated under the skin of white mice 
caused toxic rj Top toms and even death, while insufflation of 
air or moke from hay had no ill effect (GuilUin and Gy, 
3907a). Tbe case was reported of a man who Buffered a deep 
laceration of the tip of the finger into which a combination of 
sulphur and nicotine was driven; typical acute nicotine poison¬ 
ing resulted (Gindhart, 3 936). 

Travel) (1940b) found that, upon subcutaneous injection of 
nicotine into the inguinal fold in rats both nicotine and fluid 
were rapidly abeorbed. Comparatively, absorption of nicotine 
from the subcutaneous tissues was greater than from the 
urinary bladder or the ligated stomach. 

A/uceUcneouf 

Underbill (1906^36) reported that painting the psnereas 
with solutions of nicotine and piperidine caused hypergly¬ 
cemia in dogs. However, since painting the apleen with piperi¬ 
dine was also effective, panrrtaUc absorption must not have 
been specifically involved. 

F. R. Chapman (3880) reported that a plug of tobacco the 
disc of a pea inserted into the hollow of a painful tooth resulted 
in characteristic nicotine poisoning. 

Instillation of a few drops of nicotine into the auditory 
canal of cats and dogs was futu! in 36-20 minutes (Macht, 
1916, 1924). Nicotine an also rapidly al*orbod from the 
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intact cat drum of rats, guinea pigs, and rabbits (Macht, 
1937-38, 1935). 

Using blood-pressure changes as on index of the effect of 
absorption, Chlldrcy and Essex (193!) found that 1 mg, of 
nicotine injected intravenously in dogs resulted in a marked 
rise in blood pressure; 20 mg. injected subcutaneously into 
the aame animal caused an immediate slight rise in blood 
pressure lasting 7 minutes, but 20 mg, injected into the left 
front^"iinu8\as without effect during a period of 33 minutes. 
The s|rne negative result follow ed an injection of 80 mg. nico¬ 
tine un§^§j|Praiotu of another dog and one of 4 mg. into the 
f a cat. 

Fortier (1930a), 2% or 10% nicotine applied 
of the antennae of butterflies for 1 minute or 
1 1 ted in nicotine intoxication, If, alter having impreg- 
of one antenna wi|h nicotine solution for 1 
immediately ae vertd, tha.in,W>.'dcation came on 
|’cd more rapidly tha^||§ili|antenna vert in* 
ly measuring the length of tW'antenna and the latent 
r "'"ZZ '..^cation, Portier calcAriated'^at the transmis- 
aion o ? f the p^aon occurred at the M&b'f about 1 meter per 
hour. 


Or TOEACCO-iJIOtX 
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rriod; and during the hour following, tbe nico- 
oT the lungs fell rapidly to about tbe aame level 
■ tests with the human-imoker dose of cigarette* 


the amo 
tine cod 
found in 
smoke. 

Lasso^T an3 "Sariow (1958) reported experiments in which 
C H -raDdomly-Ubeled glucose was added to the tobacco in 
cigarettes, and tbe pufled amoke deposited in the respiratory 

tract of dogs Tissue distribution of C“ arid its content in the 
various excreta (including expired air) were determiDed at 4 
minutes and 2 and 24 hours following inhalation of the amoke. 
Tbe data at 4 miDUtea showed that only about 7% of tbe C H 
found was still in the respirator)' tract, the remainder having 
been absorbed into the other body tissues, and that excretion 
had begun. Thereafter, a residual fraction was more alowly 
absorbed, Tbe data at 2 and 24 hours indicated that elimina¬ 


tion of absorbed carbon via expired air and urine was rapid 
during the first few hours, then slowed, leaving about one- 
third still in the body at 24 hours. The authors felt that aome 
of this remainder had entered into DOrmaJ metabolic path¬ 
ways in the body. 

Holland tt of. (1958) described a machine for exposing rab¬ 
bits to cigarette-smoke inhalation. Radioactive Aj’< was used 
to establish tbe fact that the rabbits did inhale tbe amoke 
into their lungs. In addition to detailed Itudie* on the dis¬ 
tribution of inhaled arsenic along the respiratory tract (see 
Chapter 7), certain rabbits following inhalation of smoke were 
measured for radioactivity over marked areas along the nasal 
passages, larynx, trachea, and luDg fields. Using the original 
uptake ns 100%, the radioactivity fell off rather rapidly dur¬ 
ing the first two days, and then tapered off slowly. 

tiieotine 

Biederbeck (1908) studied the absorption of nicotine vapors 
from tbe oral cavity. He introduced 22-28 mg. of nicotine 
into hb mouth, and failed to find any nicotine in the expired 
air in S experiments, whereas in 2 other testa, about 2 mg. 
nicotine were found, corresponding to an absorption of 90- 
94 %. A repent experiment by a medical student gave similar 
results, and thus confirmed earlier experiments by J. Willke, 
also working under the direction of K. B. von Lehmann, who* 
found 68-100% absorption of nicotine vapors from the mouth, 
Lehmann (1909) himself reported that when pure nicotine 
v&pors w ere drawn into the mouth, the nicotine was absorbed 
almost completely, or at least up to 90%. 

Kicotine in CigareOe-Smoke 

In experiments with cigarette-smoke, Biederbeck (190$) 
found that after simple puffing without inhalation, only about 
20% of the nicotine in the main-smoke stream was absorbed, 
from, which he concluded that the absorption of nicotine in 
the human mouth was much poorer from smoke than from 
air. Lehmann (1909) considered that there was something 
about tobacco-Bmoke which interfered with tbe absorption of 
nicotine. 

Lehmann (190S, 1909) and his students studied the absorp¬ 
tion of nicotine by the smoker by two methods: a direct ot>e, 
in which the mouth cavity was rinsed out repeatedly during 
smoking, and the nicotine in the rinse-water determined; and 
an indirect method in which the main-stream amoke and tbe 
exhaled smoke were analyzed for nicotine and tbe absorption 
obtained by subtraction. The first method gave results which 
were too high; the second was considered to be the more ac¬ 
curate method. By the direct method, it was calculated that 
3.S-6.8 mg. Dicotine were absorbed per gtn. of cigar and 
1.4-1.7 mg. per gram of cigarette smoked, apparently with¬ 
out inhalation. By the method of differences, it was calculated 
that 1.7-2,5 mg, nicotine were absorbed per gram of cigar, 
and 0.S-1.5 mg. per gram of cigarette smoked (Lehmann, 
1908). When a cigarette was amoked down to a minimum 
atub, an absorption of about 10% of tbe total nicotine was 
found (Lehmann, 1909). Id contrast to this small absorption 
of nicotine from the main-stream smoke, pure nicotine vapors 
when drawn into the tnouth were absorbed to tbe extent of 
90-94 % (Biederbeck, 190S; Lehmann, 1909). 

Baumberger (1923b) calculated that, of the nicotioe io 
cigarette-tobacco, about 14-33% appeared in the smoke 
puffed. In puffing, nn average of 66.7% of the smoke was re¬ 
tained in the body of the subject, and in inhaling, an average 
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of 8S.2% tm retained (Baumberger, 1023c). From these fig-, 
urts, Baumberger (1923b) calculated that about 66.7% of the 
nicotine entering the mouth in puffing would be retained, and 
BS% in inhaling. It was suggested, however, that probably a 
large proportion of the smoke retained in the body was re¬ 
moved by expectoration before absorption of nicotine bad 
been completed (Baumberger, 1923b, c). In mouth smoking, 
of the nicotine contained in the smoke was 
foun&by V^nuscb (1927-2S) to be absorbed; in the case of 
ordin^^^iialatioci, the figure was 50%; with excessive in- 
halation, 85%. 

Golden berg (1928) calculated that a subject 
cigarettes in 25 minutes absorbed 32 mg. 
06 mg. per kg. body weight. Another subject, 
cigarettes in 45 minutes, was calculated to 
4.48 mg. or 0.07 wg> 
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only of the total nicoti 

was 

dark ^ 
froro-'ngar 





when light tobaccos were 
| were smoked, and Ij 
arco. When inhalu 
absorbed was 3 times greater if it 



iced the amount 
y oollectiog the amohe 
from that knows 
without inhaling, 
consumed tobacco 
sod, 5.5-7% when 
b a cigarette made 
ount of nicotine 
were inhaled in 2 
e nicotine in the 



tine ‘lost in the aid.&- 
tmoke plus that 1 
beio 



tly completely smoked 
that no nicotine w 
te, which is now-known 
ethod, these autho 
uffir.g, arid over 90 
that his results wi 


udiod the absorp- 
btracting from the 
,te the amount of nico- 
d that in the exhaled 
der (the cigarette 
injthese calculations, 
.•ed in the burning 
a false assumption. 
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d after inhabtion, 
btter as nicotine 
tine was retained 


(1937, 1941) made 
oke passing off fror 
into lJ>e mouth, botl 
the difference bel 

this method, 78.5 %\ 

% oo deep inhalation. 

to HilLsmsn (cited by Haag and Larson, 19+4), 
mmhaler,only a amah fraction of the 3 mg. nicotine 
smoke was retained, amounting to approxi- 

d ifferect method waa employed by Chalmers 
I) to estimate the amount of nicotine absorbed 
OtnpariaOD of the antidiuretic effect of smoking 
with that of nicotine infusions suggested to these authors that 
the smoker derived 1.0-1.5 mg. nicotine from 1 cigarette, 


provided be inhaled vigorously, 

Greenberg, Lester srvd Haggard (1952) studied the effect of 
moiature on the transfer of nicotine to the maiD-stream smoke 
and its retention on smoking. Smoking dry cigarettes without 
inhabtion resulted in nicotine retentions of 26% and 45%; 
smoking moist (11% moisture content) cigarettes, 8% and 
18%. Smoking either dry or moist cigarettes with inhalation 
resulted in nicotine retentions of 96-96%. 

A summary of the. pervenlugc absorption of nicotine in 


TABLE 1-1 

Absorption of S’icotint in CtgortUt Smoking 


AvlkW 

j ( . (mi Abvwp(io& at KicMibi I'pti 
dif*r<lU Mnt Suiut Seoli bo: 



InSUim 

Biederbeck, 190S 

to. 71 


K. B. LehmALC. J909 

ea. 10 

CO, 80 

Baumberger, 1923b 

66.7 

as 

Heim (1923) 

17.5 . 

67.5 

Wcauich, 1927-28 

6.3 j 

50-85 

Winter* tern and Aronson, 1 
1928 ; 

2.5-11.7 

7-35 (2 *ec.) 

100 (prolonged) 

Pyrikj, 1932b 

4-5 

84-95 

Bodnar,* Nagy aod Dick* 
tmcD, 1935 

60 

93 

Pierce, 1937, 194) 

76.5 

95 (deep) 

Wesuach, 1942a, b 

5-10 

50 (moderate) 
85-100 (excessive) 

Pyriki, 1943 

5 

66 (weak) 

65-76 (moderate 
84-95 (deep) 

Hilletnan, ciied by 

«. 12 

co. P D 

Haag and Laraoo, 19-H 


88 

3. A. M. A. ISO: 625, 1946* 

67 

Laikowiki, 1951 | 


67 

Greenberg, Lester and Hag¬ 
gard, J952 

M 5 

90-96 


• These appear to be the aame fijurei as those of Btucoberger 
(1823b). 


cigarette-smoking found by the above and other authors U 
given in Table 1-1. 

A'icohne in Cifar-^Smokc 

According to M'interstein and Aronson (1925), the amount 
of nicotine absorbed by the smoker from cigars without in- 
halation was 13-207$ of the total nicotine in the tobacco 
smoked. These authors concluded that more nicotine was 
absorbed from cigar-smoke, even without inhaling, than from 
cigarettc-smoke, 

Grc-enberg and co-workers (1952) reported that smoking a 
dry cigar without inhabtion resulted in 1$%> nicotine reten¬ 
tion by the body, wherens aimilirly smoking a moist (11% 
moisture content) cigar resulted in only 47 d nicotine reten¬ 
tion. When either a dry or moist cigar was inhaled, the nico¬ 
tine retention rose to 96-97 %. 

Wenusch (1942a, b) 6tated that nicotine retention from 
cigar-smoke was harder to estimate than that from cigarcll*- 
emokc, due to varying alkalinity of cigar-«mokc and varying 
degree of filtration through the unsmoked portion. A cigar 
with 1% nicotine and with strongly alkaline smoke deposited 
3 times as much nicotine in the mouth as a crrular cigar with 
only a weakly alkaline main-stream smoke; and from a cigar 
121 mm. in length, 0.2 mg. nicotine was deposited in ».u* 
mouth from the first 37 mm.. 1 mg. from the second 37 mm., 
and 3.1 mg. from the third 37 mm. Wenusch concluded that 
in cigarette-smoking, the amount of nicotine absorbed de¬ 
pended on the degree of inhnb'.ion, whereas with cigar-amok- 
ing, it depended on the alkalinity of the main-stream smoke 
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and the length of the unsmoked atump. Assuming that 30 
cigarettes weighing about 1 gm. apiece and containing about 
2% nicotine to the tobacco might contain just about the aame 
amount of nicotine as 6 cigars weighing about 5 gm. each and 
with the same nicotine content; and assuming one-fourth of 
the nicotine content of the tobacco to appear in the puffed 
smoke, it was said to be possible for the 30 cigarettes inhaled 
to yieUJ fbou.t the same amount of nicotine absorption as the 
6 cigtfscot inhaled (J. A. M. A. ISO: 825, 1W6). 

TheUubjecj^f the absorption of nicotine by the smoker has 
been rt^^to part by Pyriki (1037). 

Kicoiine in Charing-Toixseeo 

a) studied nicotine absorption from chewing 
w of 0.6 gm. contained on the *ver*-ge 15 mg. 
1 hour’s chewing, th*-tocottoe content of the 
uced by 33%; at 2 ho^|$if$0%; at 4 hours, 
t 8 hours, by 90%. ‘jpS^waS aaid to be a less 
even in the earlytoeriod*^an occurred on 

al tobacco-users w) tos8ltfMts$ d 15.6-58.4 gro. 
6.5-8 hours, W. A PvTo m - iknd Giles (1950) 
nl of nicotine absorbe^stc,M 8.CH57.7 mg. 
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TABLE 1-! 

Cif 0 ^ttU‘Stnokt Comtilvenli by £»n«ttrt 
(Adapted from Luko**aki, 1955) 



9tt C«o< 

K.rLtU>c4 Lb 

LuBf i 


37 


14.9 


25,9 


99.0 


44.0 


£7.0 


30.8 


32.7 


67.0 


98.0 


98.0 



Other ConeiiiucnU of 7obacce^Smoke 

Laskowski (1951) collected exhaled smoke from smokers, 
analysed this and also main-stream smoke, sod by difference 
between these figures determined the amount of a number 
of cigarette-smoke constituents retatoed by the lungs. A sum¬ 
mary of Laskowaka’a results is given in Table 1-2. 

Biederbeck (1908) found that when 6-8 puff* of ammonia- 
laden air were taken into the mouth per minute, held there a 
ehort time, and then blown into a co)lection flask, an absorp¬ 
tion of 76-8$% occurred in the mouth. J. Willke (cited by 
Biederbeck) bad previously found that mixtures of ammonia 
gas and air sucked into the mouth were absorbed to the ex¬ 
tent of 83-90%. About 56% of the ammonia to mato-ftream 
cigarette-smoke was absorbed on simple puffing without in¬ 
halation, indicating that absorption was much poorer from 
tobacco-smoke than from air. However, Laskowski (1951) re¬ 
ported that 9S.0% of the ammonia to tobacco-smoke was 
retatoed to the luDgs [if inhalation were practiced]. 

H, E. Armstrong (1922) stated that, to the absence of in¬ 
haling, but little if any carbon monoxide would be absorbed 
from tobacco-smoke. Baumberger (1923s) reported that in 
inhaling cigarette-amokf, about 61 % of the carbon monoxide 
was absorbed. Saruta (1937) calculated that the carbon mon¬ 
oxide retained by the body on inhalation of cigarette-smoke 
amounted to 78% of the total taken into the mouth, and that- , 
the amount »o retained from a cigarette would saturate 1.7% 
of the hemoglobin to the circulation with carbon monoxide. 
Jongbloed (1939) abo considered the question of whether or 
not e&rbon monoxide could be absorbed through the mucous 
membranes of the mouth, but did not decide it. 

factors txmrtxcixc the asomwv or NICOTINE 
Animal Experiments 

Superficial necrosis of the oral mucota of cats, produced by 
scalding or by freertog, retarded absorption or penetration of 
nicotine (Macht, 1633), Penetration of nicotine into the skin 
of rats and guinea pigs was also greatly retarded by prior 
fretiing. scalding, or chemical injury to the side of the ani¬ 
mals (Macht, 1937); similar results were obtained by damag¬ 
ing the pharyngeal mucosa of cats and rabbits (Macbt, 1837- 
38, 1938). 

Of historical interest in correction with tbe effect of-pB 
on the penetration of nicotine is the observation by Langley 
and Dickinson (1889, 1890a) that the superior cervical gan¬ 
glion required freer application of )% nicotine sulphate than 
of 1% ’nicotine to order to paralyse it, This suggested to the 
authore that part of the injurious effect of the nicotine directly 
applied might be due to its alkalinity; but Mitolo (102$), 
studying this possibility by comparing neutralised nicotine 
with a solution of aodium carbonate of about tbe tame al¬ 
kalinity as unneutralised nicotine solution, found that the 
action of neutralised and unneutralited nicotine was similar, 
while the aodium carbonate solution had no appreciable effect 
on conductivity and excitability of toad nerves; therefore, 
the action of nicotine was not dependent on its alkalinity. 
Travel! (1940a) injected nicotine solution* directly into the 
lumen of stomachs ligated at the cardis and pylorus to *uch 
a manner as to exclude the Urge blood vessels. In one cat in¬ 
jected with ,20 mg.Ag. nicotine (15 ml, of solution per kg. 
body weight) at pH 8,6, the animal died to 41 minutes, end 
the pH of the recovered stomach contents was 7.8. In a sec¬ 
ond animal, 50 mg./kg. were injected at pH 1.2; the cat sur¬ 
vived, and the stomach contents taken 24 hours later had a 
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pH of 4.2. From more detailed experiment* using other al¬ 
kaloids, Travell found that the rate of absorption from a 
stomach varied in general with the pH and with the dose; 
when gastric juice was rendered alkaline and the. alkaloids 
existed as the free base, absorption was rapid; whereas when 
the juice was strongly acid and the alkaloids existed as a&lte, 
absorption did not occur to any extent. The change In absorp- 
tioo going from alkaline to acid pH depended on the ratio of 
utt to bi^e at any given pH; and at any given pH within 
the rafire where all the alkaloid was not in the tail form, the 
die of was a factor in the rate of absorption. Extend- 

t-xperimeoU, Travell (1840b) instilled buffered aolu- 
ge into the urinary bladder of cats, the ureters 
id the total volume of fluid kept at 5 ml./kg. 
>f 4.5-6.0, dotes of 10 and 20 mg. nicotine were found 
:t, while liroiiar doses at pH 7-0-7.9 produced 
>isoning; 10 mg. at pK-^O-^.O caused aevere 
mg. at pH 8 cau'^ : ,$£ilij|in two triala. C. 


H. Richardson'(18-15) reported thatftSe speed of penetration 
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As migbS^^^expected, the amount of nicotine absorbed is 
inertaaed ^feg^^ cpged smoking (V»\ Straub and Amann, 
1840a, b)*aidby-the increasing nicotine conteDt of the cig¬ 
arettes amoked. According to Pierce (1937,1941), the average 
nicotine cod ten l of the smoke inhaled during 10 inhalations 
of the tmoke of a cigarette containing 2.27% nicotine was 
3.07 mg., whilt .hat from a cigarette containing 1.15% nico¬ 
tine was 1.77 mg. The degree of moisture of the tobacco 
smoked is alto a determining factor, the transfer of nicotine 
from the tobacco to the smoke being greater with dry than 
with moist cigarettes end cigBrs. Retention of the nicotine by 
the body was greatest when smoking, without inflation, of 
the dry' cigarettes and cigars, although these difference*- dis- 





the absorption 
puffing (K. B. 
n and Aronson, 
5; Pyriki, 1932b, 
Haggard, 1952; 
ave reported a 
m puffing Id the 
Bodnar, Nagy 
1843); but, even so, less 
ed on inhalation. The more prolonged or the 
tion, the greater the absorption of nicotine 
d Aronson. 192$, 1929; Wenuaeh, 1842a, b; 


appeared on inhalation (Greenberg, Lester and Haggard, 
1952). It may be noted in this connection that dry* tobacco 
produces a subjectively more irritating emoke than moist 
tobacco (Larson, 1952); furthermore, smoke from dr)- tobacco 
has a greater edema-producing potency od the rabbit eve 
(Finnegan tf al., 1947), 

Certain result* obtained by Fyrikj (3932b, 1937) suggested 
to hum that, the more the organism was accustomed to amoke, 
the smaller was the percentage of nicotine retained. On smok¬ 
ing with inhalation, hoax’)' smokers retained £3,92%, moder¬ 
ate smokers 80.10%, and light smokers 85,42% of the nico¬ 
tine; while smoking without inhalation the nicotine retention 
in the three groups was, respectively, 4.18%, 4.62%, and 
5.00%. 

Vi'enuach has made a particular study of the. factors in¬ 
fluencing the absorption of nicotine, especially of the differ¬ 
ences between cigarette- and cigar-smoking. The more alkaline 
main-stream smoke of cigars contains pert of the nicotine in 
fret form, in contrast to the more acid main-stream smoke of 
cigarettes, and this free nicotine condensing with the water 
vapor was said to be absorbed almost quantitatively by the 
body of the smoker (Wtnusch, 1935c). By tbe nicotine “shift’' 
(proportion of nicotine in the free form), enough nicotine is 
absorbed, just by mouth smoking and without inhaling, to 
give the desired physiological effects; cigar-smoke, conse¬ 
quently, does not need to be drawn into the Jungs, which' 1 
would "be unpleasant because of its alkaline reaction. WeDuscb 
(] 939a) sto tod that the absorption of nicotine on mouth smok¬ 
ing without inhalation is essentially dependent upon three 
conditions: the amount of nicotine salt molecules in the smoke 
drawn in; the length of time the smoke Flays in the mouth 
canty; and the measure of the agglomerating ability of the 
nicotine aaltj. With mouth smoking of the tobaccos of the 
acid (cigarette] group, only 2-5% of the nicotine in the to¬ 
bacco smoke U absorbed; with inhalation this can be increased 
to 10-20%, depending on the depth of inhalation, On deep 
inhalation, smoke stays in the organism longer, has more time 
to settle out, and makes many changes of direction, thus in¬ 
creasing the opportunity for agglomerated nicotine salt par¬ 
ticles to strike against walls standing at right angles to the 
direction of fijght. and to remain adhered. The procedure by 
which smoke particles adhere l* each other by collision was 
termed by Wenusch (1840) ruaemmenbof/un^ or agglomera¬ 
tion. Agglomerated smoke particles ore larger and heavier 
than tingle particles, and not only fall to, but also more easily 
cling to surface* bordering on the site of the origin of the 
smoke. The more particles smoke contains in equal volume, 
the more collisione occur, and the greater the agglomeration. 
Since cigarette -amok e contains many more partic)« than 
cigar-smokc (3 limes more condensation particles than cigar- 
smoke), agglotneration ia also much greeter. The faster the 
smoke is moved, and the oftencr it.* direction of motion is 
changed and the longer motion persists, the greater the ag¬ 
glomeration; and the greater the agglomeration, the more 
nicotine deposited. On non-inhula lion of cigarette-smoke, 
only about 2% of the nicotine in the lobacco-amoke is re¬ 
tained, because the tmoke ttay* in the mouth only a abort 
time and little movement and change of direction ensue. On 
inhalation, however, the smoke remains longer in the organ¬ 
ism and undergoes more frequent changes of direction, which 
intensifies agglomeration. Therefore, much more nicotine is 
retained on inhalation than in puffing. With cigar-smoke, 
ucglomcralinn docs not play a l:«rge rule, since such smoke 
contain* fewer particles than rigarottc-smokc from cut to- 
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bacc-o. Cut tobacco (cigarettes) permits some three times as 
much volatile substances to pass over into the araoke as docs 
uocut tobacco (cigars), because the process of cutting opens 
Up innumerable cells, the contents of which are easily vola¬ 
tilized. The more water vapor (steam) there is in the hot 
tobacco-amoke, the greater the condensation of the cooled 
amoke, and the larger the number of condensation particles, 
the more possibility tbere is of nicotine absorption. The fre- 
fnlly^nade observation that moist cigars are stronger, and 
ioist ri|arettos milder, than dry ones was explained by 
(1940) as follows: moist cigars form more alkaline 
Mosaic od the surface of the tobacco, and this condensate 
deeply into the tobacco and liberates more nico- 
by increasing the A’utotonacAuh or “nicotine shove," 
cigarettes seem milder than dry ones because more air 
wn through moist tobacco to bum it than through 
^o; the minute partief&Hnjtf^e Mmo ^ e ^toist to- 
' 'toiributed through yfegifffn^olurne than in smoke 
tobacco, whereby riftiomeratioD of the nicotine 
With cigar-amoker^theoT^e amount of nicotine 
the organism depends"^ the sire of the “nicotine 
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nicotine molecules absorbed) and the steepness 
ed “nicotine current.'’ According to Weousch 
reason why a cigar emoked in a holder becomes 
a cigarette amoked in a long bolder becomes 
hat in the former instance free nicotine is de- 
rt in the holder and therefore does not reach the 
Ln the Utter case, lengthening the passage 
the cigarette-smoke pxsses increases the pos- 
ribifily of agglomeration. 

To fum up, the rate and amount of absorption of nicotine 
by the tmoker depend to a greater or lesser extent upon the 
following factors; 

1. length of time the amoke remain* in contact with the 
mucous membranes; 

2. pH of the body fluids with which the imoke comes in 
contact; 

3- degree and depth of inhalation; 

4- degree of habituation of the smoker (?); 


S. nieottoe content of the tobacco smoked; 
fl. moisture content of the tobacco smoked; 

7. form in which tobacco is smoked (cut (cigarettes! or un¬ 
cut [cigars]) (?); 

8. - length of butt; 

9. use of holder or filter; 

10. alkalinity or acidity of the tobacco imoke (?); 

11. agglomeration of amokt particles (more important in 
cigarette-emoking). 

Non-Pulm^ru^f Ab*$rptum of A icoiifte in Afcn 

Welters (1598) reported that • preparation of nicotine aaii- 
cylate made into a 0.1 % aalve with lanolin did not cause any 
eymptoms of poisoning upon inunction, whereas treatment 
with nicotine soap caused marked intoxication aymptoms in 
2 of 8 patient*. 

Moyer and Moddock (1943) suggested that swallowed 
nicotine (as nicotine or a# nicotine dissolved in saliva and 
swallowed by non-inhalers) produced little effect because in¬ 
testinal absorption permitted detoxication by the liver. 

Membrane PcrmtoinUty 
Artificial Membranes 

V»’eatherby (1942b, 1943a) found that if lecithin and cepb- 
alin, or either aloDe, s ere dissolved in collodion solutions, 6Dd 
membranes prepared from this mixture, such membranes 
often exhibited asymmetry potentials of considerable mag¬ 
nitudes, the potentials varying with changes to pH. Appar¬ 
ently, lecithin contributed the positive component of tbe 
potential, which was most evident at relatively high hydrogen- 

ion concentrations, and cephalic contributed tbe negative 
component, evident at a hydrogen-ion concentration of ap¬ 
proximately pH & and above, Alkaloids inch as nicotine per¬ 
meated these membranes readily from at alkaline medium, 
but not from an arid medium in which the nieottoe would be 
positively charged by virtue of existing as the arid salt. Tested 
on a Living system, it was found that the toxicity to paramecto 
of nicotine solutions at various pH values approximately par¬ 
alleled the permeability of artificial membranes containing 
lecithin and cephalic it these iame pH values. Thus, such 
artificial membranes exhibited some of the properties of aemi- 
permeebility generally associated with membranes of living 
cells. The explanation proposed for these phenomena was 
based on ionization of the lecithin or eephalin molecules con¬ 
tained in the Tnembraoe, the nature of the ionization depend¬ 
ing on the pH of the medium to contact with tbe membrane. 
Ions bearing charges of similar sign to that of the membrane 
are repelled by the membrane, and to this maimer penetration 
of the membrane is prevented, Vo-ionized molecule* are not 
repelled in this manner, however, and penetration may occur 
more or leas readily, A definite correlation was found to e.dst 
between rate of penetration and concentration of uc-ionired 
molecules of acid or base. Weathtrby (1943b) theo tested the 
validity of this hypothesis by making relatively aimple changes 
in the molecule so as to alter it* ionization, and hence aup- 
rx>scdiy it* permeating rharacte;Utica. Derivatives of nicotine 
in which methyliodide was added to one or the other, or both, 
of the nitrogen atoms contained to the molecule were tested. 
Such compounds would be expected to ionite under all con¬ 
ditions of pH, and consequently ihould not penetrate mem¬ 
branes containing lecithin and repholin; and this nss found 
to be the case, Nomicotine, which at pH 7.4 exists os the free 
base to the extent of only 2%, compared to 18% for nicotine 


t V 

N 
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•t the tame pH, permeated the artificial membrane much, 
more alowly than nicotine under similar conditions. However, 
when the pH of the nomirotinc solution teas raised to 9.5, 
the rate of permeation was greatly increased, and compared 
favorably with the rate of permeation of nicotine from a solu¬ 
tion containing the tame proportion of free base. These ob¬ 
servations lent added theoretical support to the findings of 
Lftraoc and Haag (1943), who reported that nicotine was 
more -^omc to mice on intrapcritoncal injection than was 
nomi^btine, d]>e to the greater availability of the free base of 
iriix>L‘%^.py&red to nornicotine, the higher pKj of nomico- 
tine coffif&rld to that of nieotinc resulting in a greater ratio 
of aaSTto base at body pH in the case of nomicotiiic (see 
Chap^^is^lationship of chemical structure and toxicity), 
Flel^ensteih, Gunther and Winker (1951) found that when 
0.02 Mjpicotyje hydrochloride was added to 0-01 M potassium 
chlor^Pife^^e aide of a collodion^pembranc, with 0.001 M 
poUs^®^fe^>ride on the other aiefe, marked reversal 

of mc^nilTf^pOtentiaJ occurred. binding of nico¬ 

tine tpigiispJlcS.f on the membrane, this was reversible on 
repea^^T^hing. Correspond in g ^'their^nUgonistic effect 
against nicorilfe fset also Chapter |l^ A ^age;457 the influence 
of pr^^fiM^n nicotine to>dcity),^^^^a‘ anrathelice ex¬ 
hibit^ eifn>st irreversible binding. J 


TImUm « | 

Langley (1909) found that nirjl 
tissues; ^ttejynount taken up by (j 
the pcr(^^ge^|pf nicotine in thri 
was immc^.d- 'Burridg^^n) r^ 
nemius ^vjsc^s plat ed fn1 % nil 
for 2PH§§Sl%imod inP^f|)l, buy 
independent of iurc$jo^g^nlra|^ 

(190^h L jyj s ^xe did norprevfrnt the^iSPjj^on of nicotine by 
frog rmpHf? : fbut M. Lapirque (]$2^found that frog 
g*rteocn&Bgg$$, dipped in hypotor^reff^iplution rontaining 
$% nicpti»ej>j'velied more than'muscl rfetiip pod into the same 
fluid nicotine (the inrreeg^^^mbibition being cot- 

related j^m^the decrease in chrdffiRdT"©&erved during the 
first ph^sm nicotine poisoning), fe^pofted-that curare (which 
increaao^^f chronsxie of muscle) decreased it* imbibition. 
Isolat^<|sfe^ga-«trocnemii eontraq|&y&^:2000 nicotine im¬ 
bibed tlisniyifr amount of water,Sw^nmmed in distilled 
water, wSrh!}id normal muscle 1935). 

F.ffi3EK 8H8ft t* in n>e and in thown that red blood 

cells^u4f s .U& nicotine (Schaeppi.^^^^^rstoin, 1932, Gui- 
detti, 3 tu j imoto d of., 1955J, the'^t&ma to erythrocyte 

ratio o^fil^Stine distribution increased with the dose or cod- 
ccntrat^jjff nicotine (Burrtrin, 1932). 

In a^mals, the placenta we* found to be permeable to nico¬ 
tine (llgili^fciter, 1923, Morra, 1935; Romaniello, 1939; Ser- 
gueev, W8£i among others), and placental permeability to 
lrieotinifTai|be*n deduced in pregnant women from the fact 
that tn|g^^|^TrK)VdnE of a test cigarette caused increase* in 
fetal heart beat (Sontag and Wallace, 1635; among others), 
Nicotine did not alter the permeability of the placenta suffi¬ 
ciently to permit passage of Trypan blue or Congo red, nor 
was placental permeability to aodium iodide or aodium bro¬ 
mide altered by amat] dose* of nicotine, although large doses 
Increased placental permeability to aodium bromide (Ser- 
gueev, 1939). 

Bcllarminofi (1893) tested the effect of nicotine on the ab¬ 
sorption of fluorescein into the aqueous humor by applying 2 % 
nicotine to the right eye of rabbit*, then washing out and 


adsorbed by all 
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Sl^T&lvhich the muscle 
that frog gastroc- 
I Ringer's solution 
!|.t the weight gain was 
iryAccprding to Langley 
SNwfwijion of nicotine by 
found that frog 
w§!Pf|>lution containing 
■ mfe&p pcd into the same 
Prohibition being cor- 
Td¥”o&*rved during the 
sorted, that curare (which 
decrewod its imbibition. 
^&^:2000 nicotine im- 
icfi lmmemd in distilled 

g 34, 1935). 

wn that red blood 

rstcin, 1932; Gui* 
mi to erythrocyte 


maintaining fluorescein solution in both rye* for 20 minutes. 
In this wav, it was demonstrated that nicotine decreased the 
diffusion of fluorescein iDto the aqueous humor. 

According to 2«tUer (1937), 3 ;)D00-J :60 nicotine, when 
effective, decrease the permeability of isolated arterial seg¬ 
ments, the permeability being measured by diffusion of a 
suitable material from the perfusion fluid through the ve»<cl 
into the isolated organ-bath. 

Ortrrhout (1919) found that writ* which had opposite effect* 
on permeability were able to antagoniic each other; thus 
aodium chloride produced an increase in j>ermc3bility, while 
calcium chloride produced a decrease. To test the antagonism 
between aalts end alkaloids, nicotine in varying amounts was 
added to 0.52 M aodium chloride, and it* effect upon the 
electrical conductivity of I^minorto (kelp) was determined. 
Nicotine anlagoniacd the action of aodium chloride by in¬ 
hibiting the fall of reeislanee whirh occurred in pure aodium 
chloride. 

Beutner (1925) tested the binding power of serum from 
different species for various alkaloids by dialyring the scrum- 
alkaloid solution against pure water using parchment paper 
shells. According to Storm van Becuwcn (1924), nicotine was 
tried with this technique with negative result*. However, 
aince the reagent used for the detection of nicotine was mer¬ 
cury potassium iodide, it may be that this simply was not 
sensitive enough to detect email amount* of adsorption. 

Walter (1944) Haled that the penetrability of drug* through’» 
the oral mucosa was favored by a high fat-water distribution 
coefficient or by an exceptionally high fat solubility, and he 
pointed out that nicotine had a unique solubility in fat*, being 
completely mi«cible in all proportions, and that this accounted 
for its absorbability, since its fat-wntcr distribution coefficient 
it low (2.6). Okumura (1937b, 193-5) attempted to eorrcUte 
the effects of nicotine with it* tissue-blood partition coeffi¬ 
cient; this varied in different tissues, different species, and in 
the presence of habituation. 

Membrane Polrnlialt 

The average membrane potential of the rchvrd rectus 
abdominis muwle of the frog was found to be 3t>-34 milli¬ 
volts; after exposure of the muscle to 1:SCO0 nicotine for 3 
minutes, the average potential riropjtfd to 16.6 millivolt# 
(Flcekcnstein, 1950; Fleckcnatcm, Wagner and Gbggcl, 1950). 
In frog aartorius nerve-muscle preparations at room tempera¬ 
ture, nicotine caused a brief depolarization of the end-plate 
regions, which subsided aponUineously without removal of the 
nieotinc, with restoration of the membrane potential to about 
its normal value (Thes)eff, 1855). A detailed discussion of 
potential changes in muscle ia given in Chapter 4 . 

Pbaae -Boundary Potential! 

Barnes and BeutDor (194D) pointed out that adrenergic 
drugs dissolve in triglyceride oil*, on which they form nega¬ 
tive phase-boundary potentials; in contrast, the cholinrrpe 
drugs are inactive in adrenergic oil*. Nicotine was found to 
have the solubility characteristic* of adrenergir drugs, giving 
67 millivolt* on tributyrin, suggesting that the pressor effect 
U a direct adrenergir action. Wing oil cell* similar to those 
described by Beutncr and Barnes, (Science HO: 611, 1941; 
ace also Barne* and Beutncr, J. Cellul. Phyriol. tO: SOT, 1W2), 
with re-distilled guaiacol for the oil phase, Exley and Hey 
(1955) found that the atimuhml activity of nicotine arid 
tatlrate was not associated with o high Imunrtarv polenlijl, 
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FATE 

DISTECBCTJOX 

Blood 

Following t 120-minute exposure of the legs and parti of 
the wings of cockroaches and various locusts to nicotine va¬ 
por, nicotine could be detected in the blood and organs of the 
insect* (C^H. Richardson, Glover and Ellisor, J934). 

Noether (1923s) found small amounts of nicotine in the blood 
of guibeWpies Miours after subcutaneous injection of approx¬ 
imately fBWPTkg. Following intrac&rdial injection of 20 mg- 
of nicotfiftt in guinea pigs, Werle and Meyer (1950) found 
0,05$ ail^^^ing./gm. in the blood. In 2 animal* exposed 
to cigar Smoke "tin til death, blood concent rations of nicotine 
found weft 0.02g and 0.046 mg./gra, 

A. B. £jj^da3Pfl85Sa. b, c) demoni^ated the presence of 
nicotine |n..|^lWood l but cot in the liv^^^ungs, of a rab¬ 
bit kUl«jN^P^wx>p of nicotine place<||P^e inouth. Follow¬ 
ing intrapfxl.iftRP*! injection of 15 tali’nicotine into rabbits, 
blood dr^i$®i&pg or after convuUiyt a negative teats 
for nicotine uair^* turbidometric me th^wl &t Lugol'i solu¬ 
tion, butjgjjj^lcompositive results for r^WBtf^alhen the iteam 
distil la tefwj^l^'oaaaaycd on frog gaslrc£jpem|i; control blood 
from Do^l^^^red rabbits gave (Sokolov and 

Lyubovtieva, 1923). Thirty minutes subcutaneous 

injection of 9-15 mg,/kg. nicotine the blood 

concentratidi^f nicotine, as detcrmiD^d^ij^ch-muscle bio- 
aasav, was to a 1:40,solution (Ser* 

gueev, 193 [Jawing l&|fc^errnic of 5 mg,/kg, 

niroline to frotros, the peJ^pElsma n^fefme’Sforuentration of 
4 gamn^gg^sigiU found nunutfSiil^'ith a gradual fall 

over the next several 5 Mkralpi^tine could not 

be demonstrated jc the EioSo ptasma 1855). 

a cat's blood amoukife^^lyi of its body 
weight, W,^|fewi3b and Amato (lO^^rkf^Silatod that the 
nicotine co^hijatioD in the blood, atj ||$t momentarily 
after inlrav|g(>uj|injectkm of the mg./kg. nico¬ 

tine, would IpPtoout 1:50,000. As notNPl'lSS^, according to 
Sergueev (1 ^9) ^the blood concent ra cot in e SO min¬ 

ute* after kti&Sianeoua injection of]fr-J5 ml./kg. nicotine 
into rats *J§g|!j£f|>valent to a 1:40,00^|^^^^0 solution, 

Orfita fouod nicotine in^he blood of dogs poi¬ 

soned with ^raraubstanre. Tsu iimoto aaB^a^ orkers (1055) 
reported lowing hypodermic'mje|tioh oT b mg,/kg, 

nicotine to Iporal peak plasma x alues^^^^^^amma/ml. ap¬ 
peared in lo^pPfninutes, and fell to 1 gamma/ml. in 6 hours; 
nicotine w M^^t^muned by the CXBr-aniline reaction. Peak 
ilgus of corresponded to peak blood values. 

Follows ngsjatal nicotine or tobacco poisoning in man, nico¬ 
tine has be^^gjDd in the blood (Thfelin and Wehrli, 103$) 
or in a nux tu re\f viscera and blood (A. Eaaer and K&hn, 
1835; Deiis|fi||). . 

In rabbi||sig|^ogs given subcutaneous injection of 5 
mg./kg, nicotine, the blood plasma to erythrocyte ratio of 
nicotine distribution was found to be 10:7 (Tsujimoto tt of., 
1955). In dogs, upon the intravenous or subcutaneous injec¬ 
tion of 0 3 mg./kg nicotine, nicotine was present in the cell 
fraction, but absent from the plasma; with 0.5 mg./kg., the 
nicotine was divided about equally between the two fractions; 
and after 1 mg./kg., nicotine predominated in the plasma 
(Burstein, 1932). In experiments on fresh calf* blood in 
tiiro, Bchaeppi (1921) showed that nicotine distributed itself 
proportionately between the plasma and the blood cells. In 
similar experiments on dog blood, Burstein (1932) found that 


when the nicotine did cot exceed 0.0076 mg per gm, of cells, 
it was adsorbed, and none appeared io the plasma (this figure 
corresponded c.xodly with the tn-tvo results), while nicotine 
in excess of this quantity appeared in the plasma. 

Barry (1825) estimated that 1-2 mg. of nicotine per liter 
of blood was not an excessive estimate in the case of a heavy 
amoker. Guidetti (1937), measuring nicotine by the degree of 
opalescence produced when phosphotungstic acid was added 
to aqueou* solution* containing the alkaloid, found that blood 
from 2 non-smoker* ihowed no opalescence, while the tost 
was positive in varying degree with the blood of smoker*. 
When a non-amoker tmoked 1 cigarette every half hour for 
6 e**ch periods, the first 3 aamples showed no opalescence, 
but the rucceedung 3 ibowed increasing opeieaoeDce, When the 
plasma was separated from the cells, the test for nicotine on 
plasma alone was negative, while the cellular fraction waa 
positive. Guidetti thus agreed with Burstein (1932) that the 
nicotine w-as held by the corpuscular fraction, According to 
W, A. Wolff, Hawkin* and Giles (1845), the blood of imoker* 
who had amoked 20 or more cigarettes during the day con¬ 
tained 0,10-0,28 gamma nicotine per mJ. These aame authors 
(1849) reported that smokers who had abstained from invok¬ 
ing for S-10 hours showed the presence in their blood of nico¬ 
tine or aome nicotine-like *ubstance in the amount of 0.02- 
0.35 tug, per liter. In 15 subject* who erooked 20 cigarette* 
of standard brand in 7 hours, the increase in blood nicotine r 
ranged from 0 to 0.13 mg, per liter; the increases among the 
deep inhalers appeared to be greater than among the slight 
inhalers, Experiments on pipe- aod cigar-smoking were made 
on cigarette-smokers who switched for this test and tried to 

amoke an amount equivalent to 20 cigarettes; the increases 
in blood nicotine found appeared to be of the aame order a* 
in cigarette-smoking. In the above experiments, nicotine was 
analyted by the method of Wolff and Hawkins (184S), and 
the material was also bio-aasayed on blood pressure (cal); 
the pressor response in the latter rase was identical to that 
obtained from the aame quantity of nicotine. 

Using the chemical method of Wolff and Hawkins (1048), 
Wolff and Giles (1950) determined blood-nicotine level* in 
habitual tobac co-che we re. In 21 normal adult male* who 
chewed 15.5-58.4 gm, of tobacco over 6.5-8 hours, the in¬ 
crease in blood-nicotine concentration during the chewing 
period averaged 0 05 mg. per liter, a value slightly lower than 
that obtained w-jth comparable do?es of nicotine from smok¬ 
ing, 

Tujutj 

C. H. Richardson, Glover and Ellisor (1934) detected nico¬ 
tine in the organs u well as the blood of cockroaches and 
locusta exposed to nicotine vapor. Following exposure of 
imagoes and older juvenile forms of the cockroach (Pm- 
phneic cmeruono) and larvae of the nocturnal motb (Welio- 
ttu oUolrLo Fabr.) to nicotine vapor, Glover (1935) was able 
to detect nicotine in the body and its various organs. In the 
cockroach, nicotine was found chiefly in the culicula, the cells 
of the alimentary canal, and in the nerve tissue. 

Ellisor and Richardson (183S) immereed goldfish (CVoarii^ 
ourefta) under controlled conditions in nicotine »olutions of 
0.002 M, 0.001 M, and 0.0002 M concentrations, and found 
that the mean body concentrations of nicotine at death ap¬ 
proached 0.034 mg. of nicotine per gm. of tissue; the higher 
the pH of the nicotine solution, the greater the mean body 
concentration. Tissue analyses allowed thsl the greatest con¬ 
centrations were always found in the dermal tissue, md lesser 
amounts were present in muscles and inner tissues. Nicotine 
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• and Geiling (ISSl^t^&y^e randomly labeled with C" (activity equal to 601,000 cpm/mg.; nicotine concentra- 
tioc • CpN&ht^pl calculated *4 nlrofipT 

4 Wcrl^ggg&Mtytr (i^^^Ricoiin^^^^ened by method of Werle aod Becker (1942). 

* T * u j i fSoto^ f el. tl95 ^fbj foti»e eniiH<im^Be( ermine i by tbe CNBr-aniline reaction; cool roll run on lUjue* of uolrealed animal*, 

to v u 

4 Werle and Uacho& lis*u idiitilled in tbe pre«Dce of *odium chloride and magneaiutD oxide. 
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were made by-th^7»eVh68 of Glover And 
wa State Cob- J. Sci. 1936). 

c) ruled that he |l||Lri c.tected nicotine in 
ey, lung*, and the §lood oTanimals poisoned 
Graiiam (1693) isdlltedniiwaLalt of nicotine 
the tissue* of 2 rabbits kilj d by injection of 
USOD of tobacco; fr|ii§i8Sl|'issu<*s of 2 guinea 
reatod, nicotine couidrmtb* bolalod Langley 
that nicotine wit §P^^^>y all tissues, the 
up being proportional the nicotine concern 




2a # b) examined the liver and lung* of a deter- 
ker who died aged 70; the residue, After Hand- 
1 extraction procedures, presented the odor of 
Ind^rfcacled like nicotine with various re&genta. 

e estimation of nicotine concentralioot in van- 
Mowing injection of nicotine or exposure to to¬ 
ft been mode by a number of worker* (Table 
1*3). however, are not comparable, aiocc the 

experimental conditions varied widely; moreover, the differ¬ 
ent methodi of analysis used by the several investigators also 
tend to invalidate any comparison of reeulta. 

Noether (1923) examined the tissue* of guinea pigs 6 hours 
•Her aubcuteoeoui injection of lOmg.Ag- nicotine, Estimated 
by bio-assay on leech muscle, nicotine waa found in the urine 
Jn greatest concentration; email intestine, liver, and hung 
followed in that order. The mucous membrane of the larynx 
contained no demonstrable amount (this tissue was examined 
because of the irritating and burning aensation that occurs 
there after aubcutaneous injections of nicotine). Small 


amounts of nicotine, as noted above, were present in the 
blood. 

Fabre and Perdroau (1912) exposed a white mouse to the 
smoke of 7 cigarettes in 2 hours; between cigarettes, the ani¬ 
mal was taken out of the amoke chamber to prevent asphyxi¬ 
ation, At the end of the experiment, its \isccn acre found to 
contain 0.2 mg. nicotine. Another mouse was similarly exposed 
to the amoke of 10 cigarettes; its viscera contained 0 4 mg. 
nicotine. Nicotine was determined following steam distillation 
by the method used by Corcoran el a!. (1939). 

Werle *Dd Use hold 094$) could find do nicotine in the 
tissues of rata 24 hour* after injection of £ mg./kg. nicotine; 
the tissues were a team -distil led in the presence of sodium 
chloride and magnesium oxide (Table 1-3). 

Werle and Meyer (1950) injected guinea pig? with approxi¬ 
mately 50 mg./kg, nicotine intracardially. The organs weir 
removed immediately after death of the animal, placed on 
Ice, and then ground with sand, distilled, and the nicotine 
determined by the method of Ti'erle and Becker (1942). Re- 
rults of the analyse* are given in Table 1-3; the relatively high 
brain concentration of nicotine was considered to be worthy 
of cote, Werle and Meyer also exposed guinea pigs to cigar- 
smoke in a desiccator until death, following which thr tissues 
of 2 of the Animals were immediately analvied for nicotine 
(Table 1*3), while in the case of 2 other animals, the organs 
were kept In a refrigerator for 24 hour* and 72 hours, respec¬ 
tively, before analysis. In comparison with analyse* made 
immediately after removal of the organs, analysis of organ* 
kept in the refrigerator for 24 hour* before analysis pve re- 
euita which were 50-75% lower than those analyaed immedi- 
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ately, while after 72 hours in the refrigerator, the nicotine 
content of the tissues (except in brain) «u extremely low. 
These Utter findings point up the importance of prompt tissue" 
analysis for nicotine in distribution studio*, The result* of 
these studies show that the nicotine distribution docs not 
parallel the vascularity of the organ. Following intraperitoneal 
injection, the nicotine distribution in the organs uu said to 
correspond to the expected, although the nicotine concentra¬ 
tion In muscle was considered to be surprisingly lor. 

Gam (1949) reported making distribution atudies in mice, 
rats, a$dguih^a pig* following intravenous injection of radio- 
*etjve|iucolin^ Following intravenous injection of nicotine 
k) with C H into mire, Cant, Kelsey and Geiling 
that the livers showed the highest radioactivity 
.organs studied, skeletal muscle and brain the 
|mgs, spleen, heart, and kidney showed inter- 
.values (Table 1-3). When the isolated heart of the 
waif Paused with approximately ICO ml. of a 0.1 
n of radioactive mcfctit^foLQdomJy labeled 
y equal to $01,000 an appreciable 

g occurred only di#i^g the^initial period of 
a perfusion rate of^aWjt-^rnl. per minute, 
ke during this perio| afftmhled to about 320 
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administered, by way of the food, 0.2-0.25 
4 tiroes daily for over 2 months to 3 dogs, 3 
ea pigs. In all cases, the greatest portion 
toe wa* found in the cardiac muscle, the liver, 
tinal tract, although the animals when a&cri- 

eived tobacco for at least 6 day*. The muscle 
be liver of animals slowly intoxicated by 
intravenous injection of 2-3 centigrams 
producing serious convulsions in a rabbit weighing 1.15 kg. 

Okuroura (1937b, 1935), found, in rabbits, that the blood- 
tiasue partition coefficient was altered by repeated subcutane¬ 
ous injection of nicotine 1 , gradually, more nicotine was ad¬ 
sorbed by the blood and less by the different organ tissues 
(liver, muscle, etc.), especially by central nervous tissue 
(cerebrum, spinal cord). In contrast to the rabbit, in dogs 
repeatedly injected with nicotine, not only the adsorption 
capacity of the blood, but also that of organ tissues, and es¬ 


pecially that of central nervous tissue, was increased, so that 
the tissue-blood partition coefficient was not decreased, but 
increased Okumura used thm findings to txplaih why rab¬ 
bits became habituated to nicotine, while the dog did not, 
but instead by repeated poisoning became more sensitive to 
the drug (but see Chapter 15 for evidence that tolerance doe* 
develop in the dog], 

Jn Fatal Toiwxo or Kicoiint Peitonitif in Mon 

Post-mortem analyses of tissue* for Dicotine content in 
fatal acute tobaeco or nicotine poisoning in man have been 
reported by Rabot (18S6) (liver); A. Easer aod Klihn (1933) 
(pooled itomach, esophagus, liver, kidney, blood]; Krati 
(1935) (pooled brain, liver, heart, kidney, spleen); Palmer 
(1935) (pooled liver, spleen, kidneys); Orsd* (J935) (brain); 
Detis (1937) [*11 the viscera, pooled; blood]; Tb<Lro and 
Wehrll (1938) (blood); Moller and Simesen (1939) (spleen, 
liver, blood, kidney, brain); aod G. S. Smith (1951) [stomach, 
intestine, liver, kidney's-spleen-heart, brain]. Details of these 
cases may be found in Chapter 14. 

Id connection with post-mortem analyse* for nicotine, the 
experimental work of Melsens (1557-55) should be mentioned 
at this point. Mflsens studied the detection of nicotine in the 
organs (loDgue, stomach, lungs, liver, eve.) of nicotine-poi¬ 
soned animals, usually dogs; the organs were allowed to pu¬ 
trefy for periods up to 7 years prior to attempting to detect 
the alkaloid. The author concluded that one could detect r , 
nicotine long after death, and that tht phenomena of slow 
putrefaction at low temperature in the absence of air did cot 
destroy nicotine, while negative results could be expected at 
elevated temperatures and in the presence of air under cir¬ 
cumstances where nicotine base could be volatUiicd or al¬ 
tered. However, it will be recalled that Werle and Meyer 
(1950) found that liver, lung, kidney, and muscle nicotine 
concentrations decreased progressively with the time elapsing 
between death of the poisoned animal and analysis of its 
tissues, even though the organs were kept to the refrigerator. 

In the case of liver, the average nicotine concentration was 
IOC gamma per gm. of tissue on immediate analysis, and only 
2.5 gamma after 72 hour*. 

EXCRETION 
tYmer Animds 

Langley and Dickinson (IS&Os) stated that nicotine wts 
readily found io the urine of rabbits, cats, and dogs, following 
injection of nicotine. Noether (1923) found nicotine in the 
urine of guinea pigs within 1.6 hours after subcutaneous in¬ 
jection- of the drug. Excretion reached a peak at $-7 hours, 
and fell away to trace quantities at 10 hour*- In 6 dogs given 
2-3 mg. nicotine intravenously, Corcoran, Helmer and Page 
(1939) found that recovery' from the urine varied from a max¬ 
imum of 12-8% in 2 hours to a minimum of 4.5% in 2-t hours; 
and in dogs given 3 mg./kg. nicotine subcutaneously in di¬ 
vided doses, Larson and Hang (1942a, b) found about 10% 
was excreted unchanged. 

Vsing dogs under Dial anesthesia and artificial respiration 
during periods of respiratory paralysis, Finnegan, Larson and 
Haag (1947a) show ed that the per cent of administered nico¬ 
tine excreted unchanged in the urine increased with increasing 
tucotine dosage. Thus, whereas the percentage excreted in tht 
urine averaged only 6,7 following 3 mg./kg. intravenous doses, 
following 15, 24. and 48 mg./kg. amounts, it rose to 13.7, 
20.0. and 30.4, respectively; this is in Uot with the furthtr 
finding that with increasing nicotine concentration, the rate . 
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of urinary excretion of nicotine increase* linearly, whereas 
rate of detoxication within the body increased logarithmically. 
Urinary excretion of nicotine was virtually complete within 
16 hour* after cessation of administration. * 

In a comparable study on nornicolme, Hurker and Larson 
(1658) found that the per eent of administered noraicotine 
excreted unchanged increased much more rapidly with in- 
creasiBg do«£ than was true for nicotine, end reached a peak 
of about BO^st dose levels of 15 rng.Ag. end above. In this 
care W»urigpry excretion was virtually corn pie te within 16 
hounwiSSircbg cessation of administration, 

Yapunoto,Takeuchi and Teujimoto (1654) gave 12-15 tog. 
»icot^|®jgi^uUneou8)y to 3? male rabbits, and collected 
the ufueTwrSch wu steam-distilled before analysis. An aver* 
agt OT7.7 % qf the injected nicotine was excreted in 24 hours; 
605ej^%ygi|>pcfired in the first 6 hours. Only traces appeared 

GapIipii^KeUcy (1650) Injectfe^^^^ng./lcg. of radio- 
acUvjyaicdtine (randomly labeled Pub C 14 ; activity equal to 
into rats, aDd^sdeterra^ied urinary nico¬ 
tine output fcapboth radioactive tral'eHpJ i|>cctrophotornetric 
tech nkatcgj^ hey found an of unchanged 

uicotilopRh good agreement between vhc two analytical 
ollowing subcutnncjji^y^cctioD of 1.6-2.5 
mg. As- radioactive nicotine in ra ts . tWu rinarv excretion of 
radioactivity (nicotine plus its began almost im* 

mcdiatelyuafter injection, and waapractically complete after 
16 hour^^dtitjtO^e of the injecte|lllfw*i was excreted in 3 
hours, about fK5% io 6 hour s, and all or.,'almost all, ia the 
urine apPI^ hours; a|iilP^3% unchanged nico¬ 

tine ^^^^(elsey an^^g^ing, 1^^^5«iling, 1651). 

Werle andMeyen injects e5 rst^ inlraperitoncally 

with 5-10 rag.Ag.%iiSrem$, and the urine at 1-2 

bour|^^^^®$ for nicotine. Result ^ w er e given graphically id 
terms c^jK^muTn extinction plo^^^^^ist hours after in¬ 
jection q£^%otine; the curve .rose tc^n^aximum at 3 hours. 
In dogi?r^-'eft 6 mg.Ag nicotine b vjska^ mtravenous infusion, 
about WPCT the nicotine was cxp&ed^changed. 

In cb&oniik experiments, Kohosil ).S9I) found the urine of 
dogs, r&b|g}$f, and cat? fed 0.2-0.23 gtn. tobacco 3 or 4 times 
a day 2 months to be nors d^rio Wintravenous injee* 

tion jnrw^^bil, which was sn indication that 

elimina^^^f nicotine was very s bxtv^^EA.id cnrc ha? also been 
prc6s^^(g|the dog end the rabhPr^MWOto, 1629) and for 
the t^fv>*Tle UVhold, )04iy4§44kronic to 

lucolir)¥^^s to a decreased pcn^efro-^^xcreted unc hanged 
in the ui@8^,tVcrle and Vachold (194S) injected 4 rata with 5 
daily for 10 days, and reported .the average 
per ecM^Weotine excretion in the urioe as 20.6, 17-5, 14.7, 
12.3, 1^^.|^6, 7.3, 6.4, 6.6, and 5.6 on successive daya. Since 
chroni^^w^jne injection had been found to increase the do¬ 
ted fyi$p$i§wer of the tissue*, the author* concluded that, 
with detoxification power for nicotine, leas was ex* 

cretedimthViiHne. With both non*habiluatcd and habituated 
rats, urinary excretion of nicotine required 6-10 hours. 

Bo far as the mechanism of urinary excretion of uicoline is 
concerned, the only published data appear to be those of B, 
Orawa (1629, 1030), According to this author, nicotine was 
eliminated in the toad from both glomeruli and tubuW. In¬ 
vestigation of the tile of nicotine excretion in the mammalian 
kidney, and factor* affecting this, is gTtatly to be desired. 

C'n'ne.' Mon 

Noether (1923) demonstrated nicotine by Icech-musrie bio¬ 
assay in the urine following the smoking of l cigar or 2 cig¬ 


arettes. After a 32-hour abstinence, the urine of heavy smokers 
was free of nicotine, but 2 hours after the morning cigarette, 
nicotine wts again present in the urinr. On smoking • rigar, 
nicotine was present in the urine in 1.5 hours, reached a peak 
at 2.5 hours, then fell off, and none could be demonstrated at 
12 hours. 

Heiduscbka and Muth (1627), by means of a bio-asssy on 
ciltata, delected nicotine in the urine after the amoking of so- 
called nicotine-harmless cigarettes. 

Using the procedure of Noether, Emanuel (1031) found 
nicotine in the urine of each of 30 women who smoked 6-15 
cigarettes in 1-2 hours; the amount in any one test-period 
(2-3, 4-5, and 7-B hours after smoking) varied from 0 to 0.05 
mg. per liter, 

Fretwurst and HerD (3632) were not able to isolate nico¬ 
tine (a« the dipicrate) from the urine of moderate smoker*. 

EodDar, Nagy and Dickmann (1035) recovered 3.31 mg. 
nicotine in the urine following smoking of 30 cigarette* with 
inhalation; after smoking the same number of cigarettes with¬ 
out inhalation, do nicotine was found in the urine. The method 
used for the detection of urine nirotine was that of Nap and 
Dickmann (Zschr. anal. Cbem. $4' 12. 1933), 

Helmer, KohlsUedt end Page (1039) isolated nicotine as 
the oxalate and picrate from the urine of smoker*, and com¬ 
pleted the identification through melting-point and empirical 
formula determinations and pharmacoJogica] tests. Most of J 
the nicotine disappeared from the urine within 3-4 day* after 
smoking had boon discontinued Corcoran, Helmer and Page 
(1939) reported that the amounts of nicotine excreted in the 
urine of persons who smoked varied from 1.4-0.8 mg. per 24 
hours. Urinary excretion of nicotine tended to increase with 
the number of cigarettes smoked, end averaged 0.254 mg. 
(range, 0 08-0.49 mg.) per cigarette. By the analytical method 
used (and described in thir paper), the urine of non-smokers 
gave en average color equivalent to 0.233 mg. of nicotine 
(range 0.00-0.42 mg,); the authors suspected that a part of 
this blank was due to nicotinic acid. 

According to Fabrt and Pcrdreau 0912), a human tubjret 
remaining in an experimental chamber filled with cigarette* 
emoke for 3 hours excreted 0.2 mg. nicotine in 200 ml. of urine 
produred during this period. Another subject who stayed for 
3 hours in a play.hnute which was particularly amoky ex¬ 
creted 1.2 mg- nicotine in 24 hour*. Nicotine wa* determined 
by the method of Corcoran. Helmer and Page (1939). 

Perlman, Dannenbcrg and Bokoloft (1942) Hudied urinary 
excretion of nirotine in 65 wlvite female habitual amokers 
aged JS-36; pooled morning (7 a.m.-l p.ro.) and afternoon 
(1 p.m.-7 p.m.) urine sample* acre bio-assayed for nicotine 
by the Dophnia mogfui method. Id occasional smoker* (1-4 
cigarettes daily), nicotine content in the morning urine aver¬ 
aged 1.E57 mg. per liter, in nftemnon urine, 2.75 mp. per 
liter. In moderate amokm (5-10 cigarettes daily), the morn¬ 
ing urine contained on the average 2,82$ mg. nicotine per 
liter, the afternoon urine, 3.645 mg per liter. In heavy smokers 
(1 )-20 cigarette* daily), nicotine content of the morning urine 
averaged 4.9 mg. per liter, that of afternoon urine, 6.62 mp. 
per liter. There war thus a definite correlation between the 
number of cigarette* amoked and the quantity of nicotine 
exrretori in the urine. 

Bodnar and Novak (1054) reported results of analyses fo: 
24-hour urinary excretion of nicotine by 8 smokers. Under 
an erroneous assumption that 40% of the nicotine content of 
the tebnreo wo* absorbed, urinary cM-relinns of D-5.97 c were 
calculated. 

Using aemi-quantitative paper chromatography, Lickinl 
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and Lukctvh (1956) determined that maximal urinary exert* 
tioD of nicotine occurred 3.5-4.5 hours lifter beginning of 
smoking 5-10 cigarettes. After smoking 1 cigarette, elimina¬ 
tion of nicotine was complete in 15 hours, but after 10 cig¬ 
arettes smoked within 2 hours, traces of nicotine were still 
detected with certainty in the urine after 4S hours. Also using 
pa per-chromatographic technique, Jstike wits (1653) detected 
nicotine in th§ urine IB hours after the smoking with inhala¬ 
tion o0T cigarette. Quantitative estimations on the urine of 
tobaredrusers Jhow that the amount of absorbed nicotine 
txerew^i^^^Uged Ls of the order of 10% or less (Corcoran, 
.Helmekw-nd Page, 1939; Haag and Loreon, 1642; Wolff and 
Gil«, tSk&^l&ag and Loi-iion (1642) found that this amount 
varied pSnwvri^l with the pH of the urine, Jess being excreted 
unchanged when the urine is maintained alkaline (about 
2-4% than when it is maintained distinctly acid 

(10-135-5.5), The expUnat6a|yBffered by-these 
author^Si^^ed on the pKi of mc^^^lich is such that 
largt changes in the ratio of free to^5robined base are pro¬ 
duced in pH within th^eang^^ompatible with 

living tissues. |§hf free base is irsucli readily absorbed 
from th^uri^^- tract than are aaltl^l^^^tine, and hence 
at the Jpfnwpmnary pH's, more of it may b^omc re-exposed 
to within the body. I x0mus0my, the data of 

Haag aloTarson indicate little re absorption of 

nicotine from the bladder of smoker^t$l$£%>oint of poison¬ 
ing, if th^urine became alkaline, a a-augaesi ed by Travel). 
Bodansk.vag^^&^d (1640). p®s$ps?-.-.^ 

Urinan ^Txc retlon of nicotin e in tobacco-^hewers was in- 
\-«tigated^^^olff and male habit¬ 
ual tobfg^^igg'S, who 15.6-tobacco during 

6,5-6 hSars, the amount pfiiiieotine a^^reed was found to be 
8.0-67.7 mg., and thove#«1*d in 0.55-3 43 mg. 

Caleula^gfp^fercentags of the total mcotine-dose, the excre¬ 
tion in tob|fco-|hewers was about thel^^^that found with 

NicoUne^^as^een detected iD the«w|§iWh cases of acute 
tobacco orN^'liDe poisoning in m|i£4R*4fcit, )&$6; Frel- 
wunt and-i^ler^, 1032; Haverkate, |$.(lLL.J>roller and Sime- 

Melier eteted that be tobacco- 

workers atfiHyf%!, and that there waa-SPro^reason to suppose 
that it cop&SPd nicotine. Mokrenjte iS |u4^it and Galijan 
(1955) the nicotine conUol^np^lriDe of workers 

in a tob^jMTf^ory; 3 CDgaged in cl^Jj^^c of dry leaves 
had 3,6 53&@P$ mg. per liter of urio#flhfnp|ed in classifica¬ 
tion of bujg^gileavw had 1.2, 6, and 3; a worker in drying 
bad 2.7; a^is^orkera engaged in the production of cigarettes 
bad S aodJHmg. per liter. 

Conterrahe factors affecting urinary excretion of nicotine 
in *mokerti|§PNCrainer (1625b) gave it as his opinion that 
qulek of nicotine might occur In the young smoker 

who has ri oL a ^ oked long, but that in old smokers t quick 
ellminatioi^t'T-w^tine no longer took place. Burstein (1632) 
calculated that there were enoug.. blood cells per kg. body 

sreight to adsorb 0.2S575 eng. nicotine, and he suggested that 
this was why doses of this magnitude caused no or only weakly 
toxic effects, and that urinary excretion of nicotine would 
depend upon the gradual release of nicotine adsorbed by the 
blood cells. In this connection, Werle, Schievelbein and Splcth 
(1956) reported that 4 ml. blood were capable of binding about 
0.1 mg. nicotine, this property being independent of age and 
sex of the blood donor, and equal in smokers and non-smokers, 
Isar (1651) reported analytical data interpreted as showing 
that Atabagic {a proprietory' preparation] promoted urinary 


excretion of nicotine; however, his control studies do cot 
appear to be very adequate. 

Diogemanse and Freud (1633) isolated from the uriot of 
normal persons a substance which produced signs of catatonia 
when injected into rata. This substance, which they termed 
“Catatonic,’' had the same potency ta nicotine in producing 
catatonia; nicotine and catatoniD gave the same blood-pres¬ 
sure effect on decerebrate cata; tod the two substances pos¬ 
sessed identical chemical properties. The variable amount of 
catatonia found in the same person, corresponding to whether 
or not he smoked, wai taken as further evidence^ for the iden¬ 
tity of catatoniD and tucotine. Lockett (1644) isolated from 
human urine, both of smokers and pon-smokere, aa well aa 
from the urine of female dog*, a base which was identified in 
“final form” m 1-meotine; the term “final form" was used 
advisedly, because certain result* during the stages of purifica¬ 
tion of the substance suggested that the original form might 
not be 1-nicotine. Further work (Lockett, 1646) convinced her 
that the base was excreted in a form differing from I-nicotine, 
but readily converted to 1-nicotine by the simple procedure 
of subjecting salts of the base to a high vacuum. 

Ftc<i 

Werie and Uschold (1648) found from 6 to 8% of adminis¬ 
tered nicotine in the feces of rets; they considered that the 
nicotine might have been excreted in the bile, Following intra¬ 
venous injection of radioactive nicotine into 3 mice, 1.2% of 
the total radioactivity was found in the feces 3 hours after 
injection, and 2.2% 6 hours afterwards (Gant, Kelsey eDd 
GeUing, 1651). 

Bilt 

Using dogs under chloraiose with bile duct csDDuUled and 
(in some of the animals) anastomosed to the jugular vein of 
a second dog, Hermann and co-worker* (1630) found that 
intravenously injected nicotine was eliminated rapidly and in 
important quantity into the bile, as judged by the hyperten¬ 
sive reaction on the second dog and by a positive Roussin 
reaction by the bile. That the fecal excretion of nicotine may 
be due to biliary excretion has been suggested by 'Werle and 
Uschold (164S). 

Ezpirtd /ir 

Baglioni (1927) claimed that pulmonary excretion of nico¬ 
tine in the frog stopped when the degree of concentration of 
nicotine in the air approached that in the organism. In dis¬ 
cussing nicotine hyperpnoea in the dog, Baglioni stated that 
it could logically be supposed that, when nicotine was elimi¬ 
nated from the pulmonary surface soon after its presence in 
the blood traversing the lung, it excited the afferent endings 
of the vagus and provoked dyspnea by a reflex arc, The evi¬ 
dent purpoee of this reflex to the defense of the organism was 
considered to be that of a more rapid and energetic elimina¬ 
tion of the alkaloid, the lung thui behaving aa an organ of 
external secretion. E. Adler (1925) reported that a diagnostic 
clue to the condition he termed ZivcrtUmmapen appeared in 
the finding that, when the patient had bathed and was ljdcg 
in a bed with dean linen, although he had not smoked for 
aome days, a peculiar metallic nicotine odor could be noted 
on deep expiration; such patients were said to be in s state 
of chronic nicotine intoxication. 

The possibility of an appreciable nicotine elimination by 
excretion into the air cannot be considered seriously, for the 
volatility of nicotine from dilute solutions is very low (Larsoo, 
1952). 
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According to Baglioni (1027), some nicotine can be experi¬ 
mentally demonstrated to be present in the water bathing a 
nicotine-injected frog. This diffusion from the cutaneous sur¬ 
face was held to constitute a process of elimination of the 
poison; it stops when, in the external environment, the degree 
of concentration approaches that in the organism. 

Kc^peljabk data are available regarding excretion of nico¬ 
tine ih the p^spiretion, although there is no reason to doubt 
but t^Jxt|^fc>dy-fluid concentration of nicotine is reflected in 
some ^w^rtion in any perspiration that formi (Larson, 
1052jfSever*! clinical report* have appeared on this subject. 
A tna^H^|rdinBte user of tobacco and exposed as well for 
*e\**r^J hours > dally to the fumes arising from tobacco while 
be iDg ^fto vfffe, 1 ' w*s taken 111 , and during hospital! ration, it 
was a atroDg amcll of tSe^tine was present in his 

ablegton, JS 66 ). Vef^|||j|ths were started, 
ted that, when in tS|piTh, ihe other patients 
recogniied the odof^of to^.cco, The pajamas 
1 who smoked mofc'4te«>lcustomarily, and 
icrc washed, and 
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detect the substance in wot 
jied animals. 

Crosby (J92S) ref 
days po5l»partum’| 
for 6 days. After 
ml. of milk were ol 
f nicotine in the exii 

,of the extract injdtcd into a frog caused only 
ng of a lew musclce. 

y Emanuel (1931), in which 10 nursing mothers 
jgarctUfc in 1-2 hours, milk collected at 2-3, 
urt after amoking and assayed on the lecch- 
tioc was found to contain nil to 0.03 mg. of 
The presence of nicotine w*j encountered 
uring the 4-5 hour period, and more fre¬ 
quently and in greater quantity with inhalers than with non* 
inhaler*. 

Toon (1632) obtained a positive Rouaan reaction for nico¬ 
tine on 5 ml, of j..other’s milk, 

Dong a modification of the mdthod of Hatcher and Crosby 
(1026) for extracting nicotine from milk, and a frog v-st for 
bio-aaaay, IV. B. Thompson (1033) obtained positive tests for 
nicotine on milk from 4 mothers while in 3 other raw*, the 
results were classed as quod ion able. In no case was a chem¬ 
ical test for nicotine positive, and the amount of nicotine ex¬ 
tracted from the milk must have been exceedingly small, 



since, in most rases, all or mo*l of the extract was injected 
into a single frog. 

Nagy (]034a) was unoble to demonstrate nicotine in the 
milk from a woman who smoked 15-20 rjgaretles daily; even 
when 25-30 cigarettes were smoked in half a day, only 0.013- 
0.035 mg. nicotine per liter could be found. This wa« the 
maximum quantity found in the heaviest smoker of 3 women, 
each of whom smoked ]5-30cigorrttei; the other two accreted 
do perceptible quantity (Xagy, 3034b). The nicotiDC wa* di*- 
tillcd from the milk and preopitaud with silicolungslii arid. 

Bisdom (1037) stated that he had found nicotine in the 
milk of a nursing mother who smoked an average of GO cig¬ 
arettes e day; the milk caused sign* of nicotine intoxication 
in the nursling. 

Perlman, Dannenberg and Sokoloff (1042) used Dophnio 
vioffruj for the bio-aasay of nicotine Jd milk. Smokers of 3—1 
cigarettes daily gave an average secretion of 0.116 mg. per 
liter in morning specimen* and 0.16 mg. in afternoon speci¬ 
mens. The rormpoDding figures for those smoking 5-10 end 
11-20 cigarettes daily were 0.223. 0.276, and 0.-M5, 0.6 mg. 
per liter. Urinary concentretiona of nicotine w ere found to be 
11-37 limes grea ter than that of the mi Ik. 

The work of Hatcher and Crosby (1026), Emanuel (1031), 
and Perlman, and co-workers (1042; ha* been briefly reviewed 
by J. H. Burn (1047). Sapeika 0047) has renewed the bier* * 
eture on the subject of the excretion of nicotine in milk. 

Two experiments cm rows by Hatcher and Croshy (192S) 
gave the following results; a 455-rnl. milk sample taken 1.5 
hours after intramuscular injection of 2.IS3 gm. of nicotine 
in 4 divided doses over a 3-hour period eon tamed an estimated 
0.1 mg. of nicotine. A specimen (of similar sire) taken 5 hours 
after injection of 200 mg contained only a trace of nicotine, 

DETOXICATION (k!ETsBOUKll) Or NICOTINE 

The foregoing studies on the excretion of nicotine indirote 
that only a small percentage of absorbed nieotrae is excreted 
unchanged by the body. The major portion of absorbed niro- 
tine i« detoxified within the body. 

Sikt xcilhin ffir A nmol Body 

Kb long ago a* 1S76, evidence was noted for the dctoxiia- 
lion of nicotine by the liver. B. F, Laulcbbarh (1S76-77) 
found that injection of 1 drop of nicotine iubeutaiicoudy 
or into a vein of the general emulation of a dog was fatal, 
mhcress 1 drop injected into the meKcnlcrir or rpleoic vein, 
so that the drug hid to poxs through the liver before it could 
enter the general circulation, produicd only mild poisoning 
with prompt recovery. In the normal dog. drop of nit-otinc . 
never produced death, but in dog* whose vena portat 1 had 
been tied, death uiually ocrumd rapidly when but drop 
tu injpvtcd, In normal frogs, drop of nicotine always 
produced marked s>miplom* of poisoning, but never death; 
in hepatevtomited frogs, even j .40 drop produced death. On 
the other hand, when the liver of thr frog was rendered hy. 
pcremic by lying off the auperior vrrvo cava to force all the 
venous blood of the abdomen to Bow through the Uver, J-jo 
or 1 ^ of a drop of nicotine (thr fotjl dore, and twice the fata! 
dose for a frog) was no longer fatal; the greeter activity of 
the liver was believed to lead to d<vtruclior> of a larger quan¬ 
tity of the nicotine. 

Although Eaulenbaoh (IfiiO-SO} later obandoned the idea 
that the liver specifically destroyed nicotine, since his results 
following injection of nirotinc into the femoral artery oT cats 
and rabbits were precisely similar to those earlier ob-rrved 
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following injection into the portal vein of dogs, from which 
he concluded that compelling nicotine to pass through any set 
of capillaries aeemed to prevent its being poisonous, the de¬ 
toxifying power of the intact liver has been repeatedly con¬ 
firmed by liter worker* employing & variety of techniques. 
Rothberger and Winterbcrg (1905) pointed out that larger 
doses of nicotine, among other substances, could be taker, by 
mouth than by aubcutnneous injection, which might indicate 
the possibility of a apoeific antitoxic function of the liver. 
UalngTEck-fiatuU dogs, these authors tested this point with 
atrve walaey^ miniate ring one-half the subcutaneous lethal 
dose byroftnach tube to 5 animals and to 3 normal controls; 
the efblroU nil recovered, while the $ fistula dogs alt died 
from poisoning, FJeig and de Vis me (1907c) also 

cotedyn dogs' that intra-gostrie or portal vein injection of 
toboee^mo^i solutions failed tp produce cardiovascular 
effectslf^^^j' dose* infinitely stronger than those producing 
effect4jBfcffi^v*Dom injection. In t hfe^B^ frog.Schultnann 
sod found that aubciilPfSous Injection of nico¬ 

tine v**j»^|^r8.pidly lethal than mje$tio|4 injection of the 
same tfosreTrjps sequence was fo u la--^b^reversed id frogs 
hepetectorrut||f'following ligation (^^fe^pato-biliaiy ped¬ 
icle, tl^^te^fenstrating the antitoxic'action of the liver to 
oicotii te. fgfkk Essex and Mann (1§|& te|!bd that, whereas 
injectlpiPi^^mg./kg. nirotine int£TF^jpHopal lymph aac of 
3$ normal frogs was not fatal, same dose into 

15 lotallvhepatectomiaed frogs was; fatal to; JO, and recovery 
of 4 of thQgg&indcr took 2-3 limes p^jgp j^U in the controls, 
In C part^^n^atcctomucd frogsf3 died ^nd recovery was 
aomewhoi^j^ayed io thjp$ggg{jjiving |^|i^i|authors also per¬ 
fused hedjrHuB g. heart Sjmiyjiver, figJ^Keart-lung-hind limb 
prepar^^^^dogs tviffrtmSod con^^ng initial eonceotra- 
tionsof O.i mg. nicotkg? p&$^$|l. In preparation, 

the *mo.! 4 *lpIitucotine in the rirculatmgt>r$od did not show 
any dJol|rc^%hAnge over a perio foaB^^ aura. and in the 
heart-luDg^lp^ limb preparation, lTrw*^ww a sharp fall in 
rueotioe c^cet.tration to about half i^J^^gina) value in 15 
minutes, 4 t&jd l»h>ch it remained ccra iSrinfcg the duration of 
the txper^Tn^ the initial drop bellg apparently due to dif¬ 
fusion. IiCthtlheart-lung-iis'er pref^rofiolf^.however, blood 
samples cafratTg from the liver 15 minutes ef|er the introduc¬ 
tion of tu<p£i@|showed a large dimir^^^^f nicotine concen¬ 
tration, MjJbtuU* samples shoe ^ dj e sj. »sd less, until 70 
minutes arrerTpe introduction of nic^^^^^^-aaaay of a blood 
fcampleiSS^^i^d do appreciable aiic oti|e p resent. In dogs, 
following 4fe^|ectic»n of 1 mg. mcoti^li^ was a moderate 
pressor resj^lh* lasting about 1 minute. After the liver wbj 
removed, Jtnr^spOQse to a proportionate dose (0.95 mg.) was 
more profSStggftd and lasted 3 minutes. Mice in which liver 
damage hed been produced by carbon tetrachloride tolerated 
repeated ^@g^e administrations poorly, as compared to nor¬ 
mal eor.trh^|^jmals (Haag and Larson, 194-1; Haag, Larson 
and If the liver of guinea pigs was damaged 

by phospIpSf^^Uoning, its detoxifying power was found to 
drop about 70%, while that of the lung and kidney was almost 
unaffected (Werle and Vachold, 1945), 

Id contrast to the preceding authors, Heubner and Papier- 
Vowski (1938) concluded that their experiments showed no 
great influence by the liver io detoxifying nicotint, They gave 
20 mice CM mg. nicotine tartrate orally, and 20 animate the 
aatrit amount subcutaneously, every Half hour (equivalent to 
24 or 35% of L D. H per dose). By this procedure, the amount 
necessary to kill was increased 2-3-fold, but those animals 
receiving nicotine by mouth tolerated more nicotine than 
those receiving it lubcutancously, in the ratio of 4 :3. 


In connection with the ability of the intact liver to detoxify 
nicotine, Take hash! (quoted by HofstStter, 1934a) stated 
that tolerance to nicotine could be increased by tht um of 
glycogen, either before or along with the nicotine. Hambresin 
and Schepens (1940) stated (without, however, adducing 
proof) that the ability of the liver to detoxify nicotine varied 
directly with its glycogen content. Io the presence of an alka¬ 
loid such as nicotine, the hepatic glycogen was supposedly 
transformed iDto glucose, which united with the toxic sub¬ 
stance, and an oxidation transformed the complex thus formed 
into a conjugated glucuronic add. 

As indicated above, Lautenbach (1879-80) believed that the 
hind limbs, vria their capillary bods, were able to detoxify 
nicotine, but that this apparent detoxication might be due to 
diffusion is suggested by the work of Biebl, Essex and Mann 
(1932) on tht heart-lung-hind limb preparation, described 
above. 

Apparently, do significant detoxication of nicotine occurs 
in ru«o id the lung of the dog (Biebl, Essex &Dd Minn, 1932),. 

As judged by perfusion experiments with isolated guinea 
pig hearts using radioactive nicotioe, it appears that the iso¬ 
lated heart muscle of the guinea pig did not possess the ability 
to metabolite nicotine to any appreciable extent (Gatu, Kel- 
aey and Ceiling, 1951; Geiling, 1951), However, the time ele¬ 
ment and quantitative aspects of this study make it difficult-, . 
to evaluate. 

AJessio (1925} introduced nicotine into rectal and sigmoidal 
loops (caval and portal circulations) of rabbits. In doses 
somewhat larger tlUn those needed to produce hypotension 
when given intravenously, the nicotine introduced into the 
intestinal loops had do effect on blood pressure, from which 
it was concluded that the drug was probably inactivated in 
the cells of the colonic mucosa. 

Expm'menos cm Titevt BrrL », SUcn, tfp’RppmaJei, Exbarti 

Lautenbarh (1876*77) macerated lit ers of dogs and rabbits 
with nicotine, then injected the expressed juice from the mac¬ 
erated mass into dogs and frogs; end he noted that, under 
these circumstances, fatal symptoms of nicotine poisoning 
were never produced. In control experiments, kidneys of 
healthy animals were macerated *ith nicotine, and the ex¬ 
pressed juice produced death of tht animals into which it was 
injected; the expressed juice of the kidney itself was not to.de. 
Wenusch (1935b) incubated 2 batches of 100 gm. of fresh 
pig-liver brei to which 22 mg. nicotine had been added; one 
batch was allowed to incubate lor 5 hours, tbe other for 24 
hours at 3?*C., following which 22 mg. nicotine were recov¬ 
ered from the 5-hour oample and 21.5 mg- from the 24-hour 
aample. Wenusch concluded that the liver played no role in 
the detoxication of nicotine, and that loss through other aecrt- . 
tions or alteration* of the pyridine ring must account for the 
discrepancy between injected nicotine and that excreted in 
urine, Werle and Becker (1942) confirmed that tissue brei 
made from liver by grinding with wr»d showed no lucotine 
destruction, a finding which was perhaps explicable by a quick 
autolytic destruction of the dttodcating eniyme. Werle and 
Uachold (1948) demonstrated on human tissues that tht nico¬ 
tine -detoxifying eniyme was much less active in orgsc breis; 
this was not due to destruction of ceil structure, but to auto- 
lytic processes. IVhtn liver brei was added to liver aiices, the 
detoxifying capacity of the slices was reduced by one-half, or 
completely abolished if greater amounts of liver brei were 
used. 

Werle (1938) took exception to the work of Wen use h 
(1935b) on hashed liver, and used the Warburg technique to 
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study the detoxifying power of tissue slices. The technique 
used was that of incubating freshly prepared tissue shoes of 
various organs to Tyrode’t solution containing nicotine, the 
amount of nicotine detoxified being determined by the amount 
not recoverable by distillation end colorimetric determina¬ 
tion after a suitable time period. Tsble 3-4, embracing the 
findings of Werle and his co-worker*, has been .assembled from 
tbeir xprious'-'publication*. It will be seen that, varying ►ome- 
what into tbe|apecies of animal studied, liver, lung, kidney, 
and bnto^jM&' be Etes of detoxification of nicotine. Other 
tissjo/fuTOas muscle, tpleen, tmall-toksttoe mucous mem- 
bran ef adrenal», skin, and blood, studied to some of the spe¬ 
cie*, fp^i^^ietonfy nicotine. Nicotine detoxication by the 
orgmiypf a specie* appeared cot to have a direct connection 
to its mcgtin.^fcnsitivity; thus, the liver of the rabbit and the 
ed nicotine about re^tM^Jy, whereas the sens- 
geon to nicotine was compared to 

the lung of the pig&Pru> odntrast to that of 

ed no detoxication^caped.ty for nicotine, A. 

ng the Warburg 
iver metabolued 
(Table 1-5). In 
otine, the other 
td no consistency 
ie* variation in 
cotine cannot at 
ct which their 



ind Larson (1953)-^ 
that, for a given 
ipidly than any ot 

)g ability to meta 
Ipossessing this propel 
from one species to another. The 
tbe ability of intact animals to me 
present be^^tfactoril.v explained 
tissues diw»fy^e alkaloid an nhf. 

We r]ejg$£g|J tiller O&^^iSfiph 
cilioD^ofitoropne must on t> 

their detoxication ca^cf^SSSipidl; 
hour* aifcji^iQfltiaboT, ed no or only eli 
this apfMrstlt explain why organE 
no detoxs>iS^ capacity. 

Varnaweto^Kurogochi and'Take 



tudies on detoxi- 
moved and used 
bled animals, tince 
Organs kept 24 
cation capacity; 
corpses show 

65$) found that 


TABLE L 

;» of Deion'eahon of h y r»i*u**/rom 

Stitral Specitt of] 

(Aa«mb^g(|#m data of Werle. IM|; Werle .a nd Muller. 1941; 
Werie and Becker, 3942; Werl^^^^%hotd, 394S) 
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• Baaed on adding 0.4 or 0.S mg cf nicotine in 0.S ml. of wa¬ 
ter to0.8 rm of tUaue slice* in 3 ml. Tyrode's solution and in- 
eubiting under oxygen for 3 hour* at 37 *C. 


TABLE 3-5 

Specie* Ability (o Dttoiijy A’ieohne 
(Adapted from Miller and Larson. 195-3) 



■ Baaed on adding 0.06 mg. nicotine to 60-00 mg- of tissue 
•lice* in 4 ml Tyrode'* solution and incubating under oxygtD 
for 3 hour* at 37 # C. 


organ extracts, prepared by bomogcoixtog fresh orgsns of tbe 
rabbit with 2.5% Ringer’* solution followed by centrifugation, 
detoxified nicotine in the following relative proportions: liver 
extract, 100; lung extract, 45; kidney extract, 30; blood 
plasma, 36. 

Tsujimoto (1957) stated that he had demonstrated nicotine'* 
oxidation by tissue homogenate by manometric means in the 
livers and kidneys of dogs, pigs, sDd cats, and in the livers of 
rabbits, guinea pigs and homes; nicotine oxidation did not 
take place to liver homogenate* of cattle, albino rats, end 
mice. Xomieoiine oxidation by rabbit liver aDd nicotyrtoe od¬ 
ds tion by rabbit liver and kidney was also observed. Tbe ac¬ 
tivity of the nicotine oxidation was placed in the mitochondria 
of rabbit liver. Hucker (3 056) found that nicotine was me- 
taboliicd to the 9000 X f fraction of rabbit-liver homogenates 
(for further details, see the following auction). 

Kalure cf Vu PctoxicAlum Procc** 

From the studies of Werle and hto colleagues referred to, 
the following information concerning the nature of the de¬ 
toxication reaction has appeared; The reaction is dependent 
od tbe intact cell; grinding the organs to a mortar with land, 
or running them several times through a meat-grinder, de¬ 
stroyed their detoxication capacity (Werle and Muller, 1941). 
This was, not due to destruction of cell structure, but to auto- 
lytic processes (Werle and Uschold, 1945). After freeting to 
carbon-dioxide anow, the detoxifying power of liver slice* was 
completely lost. Brief warming of liver slice* to 56'C, de¬ 
stroyed its fermentative action (Werle end Kocbke, 1949); by 
abort boiling in Tyrode'a solution, the detoxication ability of 
lung increased, while that of liver was reduced about 70% 
(Werle, J93S). When alice* ot liver are extracted by washing 
with Tyrode'* solution, 10% sodium chloride solution, or dis¬ 
tilled water, they low their detoxication activity more or less 
completely, dependent on the duration or auepenaioD; and ad¬ 
dition of the washed liquid to the slice* doc* not restore tbeir 
activity (Werle, Behievelbein and Spieth, I960). The detona¬ 
tion reaction ia dependent on the presence of oxygen (Wwlt, 
193$), and proceeds optimally at ncutrul pH, being nil at pH 6 
but atill effective to alkaline media at pH 9 (Werle, 193S), It 
doe# not proceed in an atmosphere of nitrogen (Werle, 1936; 
Werle end Muller, 1641), end it tan be inhibited by carbon 
monoxide and potassium cyanide (Werle, 1935), and by chlo¬ 
roform, sodium oridc and methylene blue (Werle and Muller, 
1941), but not by hydroxylamine (Werle and Mtillcr, 1941) 
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or by aemicarboride (Werle and Muller, 194 1 ; Werle, Schievel- 
bein and Spieth, 1956). From his early atudics with cyanide 
and carbon monoxide, Werle (195S) concluded that on entyme 
»'« involved. From the fact that carbonyl group compound?, 
euch u hydroxy la mine and aemicarbatide, hod do effect od 
nicotine detoxication, Werle and Mtiller <1941) concluded that 
the inhibition by hydrocyanic acid related, probably cot to 
the td^gboK of a carbonyl group, but to blocking of heavy 
xnetafatomapf the active group of the ensyme. Metal-com¬ 
plex |groei>^uch as hydrocyanic acid, phenyl thiourea, »o* 
dium j^i^nbaphate, &-bydroxy-quinoline, dithiaone, and tri- 
Ion inhibit the reaction, which was considered as proof that 
a hea^-jHMy^l eniyroe was participating in the detobeftion 
proeaipfrrfro, Behievelbein and Spieth, 1956). Copper tul* 
phate^auaed « barely significant inhibition (Werle and Midler, 
lWl)J8p|cU|f|o of the plant protc^ase, papain, reduced the 
detoxifyi^jrp^wer of liver alicee by abouilSO % (Werle and 
Addition of methiq$ji||pTO^he liver alicea re¬ 
duced the rate of detoxication of nicotine about 60% (Werle 
and The metabollK ft pr ^jcotioc was com¬ 

pletely Inhibit in the pre-fence o f mStvTl pc. although the 
fnetab^jkmj^aicottTine was not nicotine (Werle 

and l$Seo|pn.W9). The breakdown qfnie^ane by liver elicea 
was iaonicolinyMsopro^^^i^aid (Schievelbein 

Werle. Schievelbein and Spieth (^^^^^^vsidered that loss 
of detox&atjpD capacity by liver b^gg^n^tea could - be con- 
dutioned ^^hWermectative d«tf|jr?iPn!t the carrier pro¬ 
teins or tnjjerroent m tcmj o be d< aoxfe|t|d (e.g, by cathep- 
ain), by #^§s&pf SH gr^e^% the limlmlystem, or by the 
loss upj^^^netripho^S^c &cidj$|^rP), which could be 
connected with the nkc Ai&a^ reomt fesHibo. b y the activation 
of ATP-ase in t the borcaffraite. Tl§^ra§w;fore investigated 
whethp^SS^rcomposition capacity tine in the ho- 

mogeiutiy&|B|ined intact id the pr^f^iwIgluUthione, cys¬ 
teine, a*c||p|acid, ATP, or so&um^Z fo&ad e. the last-men¬ 
tioned c A hah impairs the decq^^^Ton of phosphate 
compounaPIlfh in energy; these eSpFrtrcffllla gave negative 
results. fj?lcej|trvicture-bound o.xjd^tia&«*yj terns are mainly 
located ifi^J^^nitocboodris, a preparation liver mitochpo- 
dri* was^y,*iped by fractional ren^a^^h by the method 
of Hogeb&m|(.Dd Schneider (J. Bim^Chem, J7£: 619, 194-8); 
but this ^^latioo was not capsb|»Rfcde#xifying nicotine. 

breaking up the pnoiphe^'latioD of atomic 

chain*, considerably inhibited nicotb*^f&«|)cation, Addition 
of adenoD^^phosphoric acid or pawpKogyceric acid had no 
efftel. Su^^^Cs.acid as a component of the citric-acid cycle was 
without the decomposition of nicotine doe* Dot in¬ 

terfere wpSTihe citric-acid cycle. Cysteine, glutathione, and 
Mcorbic ^d<did not activate the decotnposition of nicotine, 
nor rtgelenftithe lost decomposition capacity of aged alicea 
of liver, (tii&t&g to the conclusion that no functionally effective 
BE groufefejj^s^?taeot in the cnaymt tyvtem which could be 
protected or regenerated by these aubetancea. An obeerved 
inhibition by monoiodide acetic acid was held to be ambigu- 
oua, aince aome dehydrogenase* are atrongly inhibited by the 
aubetance. Magnesium ions effected a weak activation, man¬ 
ganese ions a w talc Inhibition; accordingly, it w*a thought that 
Mg** could be a co-factor, and that it u possible that the in¬ 
hibition by manganese consisted in the removal of Mg* 4 . Ad¬ 
dition of aneurine and thiocyanate had no effect. Snake venom 
bhibited considerably, probably because it attack* the strut* 
ture of the liver slices, Several anlihistaminic* inhibited 
atrongly in ruo, but not when tested in rime. 

Bhce* of liver auspended b liver "broth” (prepared by heat¬ 


ing to 70*C. a liver homogenate prepared with 3 parte water) 
detoxified more nicotine than when auspended in Tyrode's 
solution (Werle, Schievelbein end Spieth, 1956). If the ho¬ 
mogenate from which the broth is prepared ia altalinised with 
magnesium oxide before heating, the yield in activator is in¬ 
creased. The active principle can be precipitated with am¬ 
monium sulphate, and is insoluble in alcohol. It is Dot dialyia- 
blc through cellophane, It is lost by concentrating the broth 
ia toruc. It cannot be detected in the distillate nor In the resi¬ 
due, The distillate of the broth, when collected b acid, in¬ 
hibits nicotine decomposition. The "inhibitor” is readily voU- 
t"t, It is not identical with ammonia, nsethylamine, 
ethylamine, dimethylamine, trimethylamine,-propylamine, 
dime thy la mi noethanol, choline, acetylcholine, or hydrogen 
sulphide. It was thought possible that the inhibitor is a decom¬ 
position product of choline, aince, when choline chloride b 
treated with alkali in the Conway preparation, a aubetance 
goe* over into the acid used which inhibits the nicotine de¬ 
composition by liver alices. 

Hueker (J95S) found that nicotine is metabolised in the 
9,000 X 9 fraction of rabbit-liver homogenates. Tripbospho- 
pyridine nucleotide (TPX) and oxygen were required for the 
reaction. Neither mieroaomts nor 78,000 X 0 supernatant 
alone would oxidise the alkaloid, but activity was re*tored on 
recombining the cell components. It was found that tht role * 
of the supernatant is to maintain TPX in tbe reduced form 
while the nicotine oxidation occurs in the rnicrosomes. Tbe 
system was inhibited by cytochrome C, methylene blue, and 
/S-diethylanuno-ethyl-diphenylpropyl acetate (SKF 525-A). 
Sodium cyanide reversed the inhibition produced by cyto¬ 
chrome C. Neither dietbvldilhiocarbamate cor glutathione 
had a significant effect on the reaction. 

The liquid in which liver alices were suspended can detoxi- . 
cate a considerable amount of nicotine (Werle, Schievelbein 
and Spieth, 1956). The detoxication ferment itself is not con¬ 
cerned in this effect, for tbe nicotine disappear* instantly after 
admixture, and the amount detoxified does not increase with 
the duration of the reaction, as compared to the fermentative 
decomposition. Thus, a substance is extracted from slices of 
liver by washing which binds nicotine Instantly, ao that tbe 
K&nig reaction, employed for its determination, is negative. 
Nicotine will not be liberated again from the reaction aolution, 
either by boiling with alkali or with acid, Tbe amount of nico¬ 
tine-binding substance was not altered by suspension of liver 
alices in phjriologica! potassium-chloride aolution, or by tbe 
addition of byaluronidase or lysoleeithin to the suspension 
preparation, liver broth showed equal nicotine-binding ca¬ 
pacity. Blood also binds a alight amount of nicotine, and slice* 

Of placenta washed blood-free also possessed a binding ca¬ 
pacity for nicotine. The amount of nicotine bound varied with 
the animal specie* from which the liver was obtained. Using 
0.8 gm. alice* plus 0.4 mg. of nicotine, about 14% of the nico¬ 
tine was bound Instantly. Initially, the amount of nicotine 
bound increases distinctly with increasing duration of incuba¬ 
tion; then, the nicotine is gradually completely liberated, 
Binding and liberation tale place erdy in an oxygen atmos¬ 
phere, and not in an atmosphere of nitrogen. The product lib¬ 
erated may represent a decomposition product of cicotbt. 

Yamamoto, Kurogochi and Takeuchi (1955) reported that 
nicotine-detoxi eating ability was found in blood plasma end 
in extracts of rabbit liver, lung, and kidney, liver extract being 
the most potent. When a 25% extract of rabbit liver (25% 
homogenate in Ringer’s solution, centrifuged, upper clear 
layer used) was added to 3 mg. of nicotine per mi,, and the 
mixture stirred at 37.5*C., determination of nicotine by the 
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silicotungslic acid method or by bio-assay on isolated guinea 
pig intestine indicated that it decreased during the 3-hour 
incubation period, but determination by the CNBr method 
shotted no change of nicotine content (Takeuchi, 1955). A* 
determined by the ailicotungstic acid method or by bio-assay, 
addition of potassium cyanide or sodium azide, or heating at 
56'C. for 30 minutes, inhibited the decomposition of nicotine 
in the ec^act, tjeng guinea pig liver-slices, TVerle and Meyer 
(1950) f^md tb% 10-15 gamma nicotine in a volume of 3.5 
ml. incre^d |>.}§j?$en consumption, while 5--?.5 mg. decreased 
it; thry that a stoichiometric relation between oxy¬ 

gen use irfid nicotine metabolism could not be arrived at. 
TiVeurhtiS^^^|stated that oxidation of nicotine in the i$*a- 
tem: rab|[Jtuvcrtexteact-nicotine bad beer, demonstrated by 
mi no me tne methods, as did also Taujimoto (195?) for kidney 
and/or ii^il^i^bgenates from *evere)|gf>ecies. fa determined 
by the Tf^yllptriethod using methjle^fe^, nicotine waa 
cliimed iPw^hydrog coated by extract; the 

dfhvdro ^nati^^p as not influenced By potassium cyanide 

Studies on th^fntert dog, excludin i pj^tioe excreted un- 
cbinged tS ^th t ^fi rine. have shown thjpiiis^f detoxication 
xriihin J>eart a logarithmic relation te nicotine con¬ 
centre Larson end Haaipfig^pf? This *m alao 

shown td be the'case for guinea pig ta&gla&gH (Werle and 
IVhold, IMS). 

A numb ^o Upyestigators have effect of de- 

velopmeet on the rate of dNzfjpa’reon of nicotine. 

Dixon and Lm^IvTI?) injj^gd;: rabbit|^ K» ^^cotine aubcu- 
ttoeoualy c^W£%venous!.^%n^.Herna^^^^jntil 15 injec¬ 
tion* ha^illeSgSgivec, th^SfSgsliayi aj$||the last injection, 
killed the animals and ^ E |^^; c;rtr 6 l £M^C^ding the tis¬ 
anes in sterikjuipd) of nx-er^mn, spaslPi^Mi, and atriated 
muscle, ^^P£si|eat majority of amount of 

fm nicotimj^^^-asMyed by blood ■p^ffw^^sponse of de¬ 
cerebrate cat*)''contained in tiasue-extracT^ft^iions after in¬ 
cubating a’^'g^otine at 3S*C. for 2^|§^jfs waj greater in 
ritescte fro^^rohnal control (litter-mif^^^ite than in ex- 
tracts mad^ro^ nicotine-injected an^ai^^piling the liver 
before ineut^tSi&i greatly reduced the degree $f inactivation 
of nicotine.pragg^sedlver juice gave ||| 0 result as liver 
extract. kio|£|g& °f * cl » v * l y proceed ep^fyver)- slowly, the 
authors could rule out the that nicotine 

eombinme constituent of thjt^tlsfrue Extract present 
in larger qul^^a in the tolerant aoi|«||^sih rendered the 
alkaloid and they considered 4 'the evidence indicated 

tbit the de^i^tjon process «v possibly in the nature of a 
ferment acthjgplb confirmation of this Utter view, dried iam- 
pk* of live**gradually lost their ability to detoxify nicotine 
in about 9 TV, Edmunds and Smith (IBlS-lfla, 1916b) 

undertook t^jrepfeat the work of Dixon and Lee using the liver* 
of doga, T^Pxrajp were rtndered tolerant to nicotine in the 
manner dc^jbed^y Edmunda (1909), and when the proctas 
wu complete/the animal* were killed and the ground liver 
incubated with a definite amount of nicotine, nicotine being 
subsequently determined by bio-assay on blood pressure of 
the tat, Id 4 dogs, there war no difference in nicotine-destroy- 
ing power between the nicotine-injected animals and normal 
controls; in 3, the liver from the toleraDt animal destroyed 
more thao did Die normal control, but this was offset by the 
remaining 3 of the 10 dog* in which the control* were more 
active than the tolerant livers. Takeuchi, Kurogochl and 
VamaoU (1954) prepared liver extracts from rats given daily 
intramuscular injection* of 5 tng./kg. nicotine for 30-320 d*)s 
(this do« aufbced to produce convulsions following each in¬ 


jection), and found no significant differences between extracts 
’ of livers of intoxicated animals and tbote of controls in ability 
to detoxdfy added nicotine. TVcrle and Muller (1WJ) studied 
tlie detoxifying power of liver slice* from rats chronically in¬ 
jected with initially convulsive doses of nicotine (5 mg.Ag 
eubcutaneously) over a period of 30-60 days. Contrary lo their 
expectations, no increase in nicotine detoxication rate was 
found; in fact, in contrast to untreated animals, detoxication 
was even decreased. TYerlr and Usehold (1948) repeated the 
experiments using rate receiving a constant nicotine dose of 
0.005 mg./gm. every other dny for 8 weeks, and then every 
fourth day for 4-6 months in 1 group of 6 animals, and in a 
second group of 6 animals receiving 0.005 mg. nicotine per 
gm, increasing by 0,001 mg./gm, every 8lb and later every 
12th day; each nicotine-injected group was accompanied by 2 
Ringer-injected controls- Results ahowed Dial the detoxifying 
capacity of liver was increased only a little (37% and 38% 
detoxication, compared to 31 % in the controls), while that of 
lung, kidDey, and brain Increased 3 00% over the control*, the 
increases being about equal in the animals from both dosage 
regimens. The author* concluded that the increased detoxica¬ 
tion capacity for nicotine, developed through ite chronic ad¬ 
ministration, w as limited, at least in the rat. 

If the liver of guinea pigs were damaged by phosphorus poi¬ 
soning, its detoxifying power was found to drop about 70%, _ t 
while that of the lung and kidney was almost unaffected 
(TVerle and Usehold, 3W8). 

Although rats receiving intramuscular injection of 30 mg. 
ascorbic acid daily for 10 da.v* were more resistant to nicotine 
injection, the detoxication capacity of their livm for nicotine 
was not noticeablv increased (Werlc, Schievelbcin and Spieth, 
1956). 

f\’aiurt of tA< Predudt cf Metobolifrn 

The structural formulas of some of the pjridine derivative* 
mentioned below are given in Figure 3-1 (taken from Larson 
(1952)]. 

Gam, Kelsey and GeiLing (195!) found that all or almost 
all of the radioactivity from C J ‘-randomly-labeled nicotine, 
administered to rate, was excreted Lo the urine in 36 hour*; 
and Bennett, Tedeschi and Laraon (1954) found about 95% 
of the activity in the urine within 36 hours after adrriinL«tra- 
tion of similar materia! to dogs Clearly then, uriot consti¬ 
tutes the chief repository for metabolites of nicotine. 

The metabolism of nicotine in the body appears to be quite 
complex, Owen and Larson (395S) administered C ,4 -randomly* 
labeled nicotine to dogs, and by paper chromatography of the 
urine obtained 7 peaka of radioactivity, indicating the pres¬ 
ence of 3 major and < minor metabolites of nicotine, in addi¬ 
tion to a peak representing unchanged nicotine. From a ecu- 
lar study on the cat, it appeared that there were quantitative 
and possibly qualitative differences between Ibe nicotine me¬ 
tabolites in this species, as compared to the dog, but that the 
number of metabolites involved may be comparable. Informa¬ 
tion that baa been gamed concerning the chemical nature of 
nicotine metabolite* la given below. 

Early studies on nicotinic acid indicated an increased ex¬ 
cretion of this aubstance (Covello, 3939; L- J. Kami and Ray¬ 
mond, 3939), w well aa of trigonelline (Linnrweb and Rein* 
weio, 3932b; Melniek, Robinson and Field, JMOa, b), in the 
urine of smokers. Evidence that these results were due to the 
non-specific character of the analytical procedures used, ex¬ 
cretion of unchanged nicotine being reflected in them, soon 
appeared (Perlsweig, Devy and Sorett, J9-J0, personal com¬ 
munication from Dr, PerUwcig; H. Field, Jr., F. F. Foi and 
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% Ami o 0-3- p y r i d i o c 
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N icot yrioe 

e pyridine derivative* mentioned below. (From Larson, 1552, courlcey of Industrial 



). In an experiment on tbe dog, designed to 
of administered nicotine on tbe urinary exert- 
c acid, nieotinurie acid, trigonelline, and A'- 
bydroride (a metabolite of pyridine, To- 
n and Haag (19i2a, b) found no increase 
three compounds over the control periods. 
Similarly, atudres on the formation of nicotinic acid, nico¬ 
tinamide, trigonelline, and A’-methylpyridinSuro hydroxide 
from detorication of nicotine by liver slice* gave negative re¬ 
mits, and to steam-volatile basic pyridine compounds were 
found fWerle, Koebke and Meyer, 1950), It would appear, 
then, that metabolism of nicotine to nicotinic acid or pyri¬ 
dine does not occur, or, if It does, the amounts formed are 
exceedingly small. 

In tbe study on dogs referred to above, Larson and Haag 
(1942a, b) noted that, following nicotine administration, the 


urine contained a compound yielding a red color when reacted 
with cyanogen bromide. Control urine did not cod tain this 
material, and the reaction of nicotine with cyanogen bromide 
does not give this color. A metabolite of nicotine giving a red 
color with cyanogen bromide was also detected by Wtrle, 
Schievelbein and Spieth (1956) in the urine of smokers, 
whereas when cyanogen bromide was added to tbe urine of 
non-smokers, a reddish-yellow dye was produced. Both color¬ 
ing matters could be extracted from urine by abating with 
ether and amyl alcohol; that from the urine of smoker* showed 
maximum absorption at 510 top, whereas that from the urine 
of non-smokers showed maximum absorption at 470 mu. 

In tbe dog, tbe course of metabolism of methylated deriva¬ 
tives of nicotine did not appear to be tbe same as that of 
nicotine (Larson and Haag, 1943). Monomethyl-, isomono- 
methyl-, and dimethyl-nicotinium iodides did not give a red 


i 


I 
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color when reacted with cyanogen bromide. While nemicotinc 
yielded a red color with cyanogen bromide, this substance 
could be extracted.from alkalinized urine by ether, whereas 
the corresponding metabolite from nicotine could not. Larson 
and Haag (1643) concluded that no evidence had been found 
to indicate that the detoxication of nicotine in the animal 
organism involved cither mclhylation or demethylation of the 
molecub^Jn a btor study, Hucker(lfioS) found no formalde¬ 
hyde forined during the metabolism of nicotine by the 6,000 x 
t frerti&Lof raff bit-liver homogenates, indicating an absence 
of converifcSiPiiS cornicotioc in this rystem. With respect to 
Inethyl^tfofi of nicotine during detoxication, Werle and 
Uacbcld|j^|||^fourid that addition of methionine to liver 
alice* b&pg incubated with nicotine depressed the rate of de- 
toxic* tints'; ^ 

Produ.^^fej^^a red color in the re^tion between nornico- 
tine fcp a.n’jjrooge o bromide (see abbve^^yLarson, Haag 
and to an pxamiiiat^^rue behavior of 

product * of cl e avage of the pyrrolidine ring of the nicotine 
m ol e c u 1 &$i^«i£%thy la mi n o-1 • bu ten yf^gyriid , 3 - (4 -me th y 1 - 
azmnobuty])pyr$jbi>e» and, $-(4-ami^ob^yri|3yTidine, rep¬ 
resen Utij^oL^oducts of cleavage IPpl^Trolidinf ring 
between/tn'e^ltrogeD and the 2 position, did^ot yield a red 
color w ^tt^a^ ed with cyanogen jpraMp? 3*(J-Methyl- 
aminobinyiJpjTiaine and 3-(l-«Jnin|kg^^*ridine, repre¬ 
sentative of product* of cleavage of tlrtHp>TTOslidine ring be¬ 
tween the iriirqgen and the 5 positio%^Ms$y d o red cob: 
with cyaoo^^bteide, but 3*butyl-p\|^^^ra not. It there¬ 
fore appeari^^at^icotin^k^vativ^^l^^roduce a red 
color wheofUl^ed with||yTro>gen limited to 

primary p®®gg®&dary axnpM$ving tpfcitrogfD substituted 
on the carbon alpha tO||>^^«'dine fcngJXh| nicotine me¬ 
tabolite producing a rea'cofor With r\-^^f^|romide would 
then rep product of cleavagc aof^e^ TTolidtne ring 

between th& ailrefe en and the 5 positic^qSmcf^thc metabolite 
is not extra||p>|e with ether from alkalin^yine. the possi¬ 
bility of a gSf^w iyl group at the en^$$^fib, resulting aide 
chain w*i Immediately apparent, d§WKt\ifl§ly, 4-methyl- 
amioo-3-py$8in&. butyric acid, 4-anii»o*&vpyridine butjTic 
acid, and, ft&g£igh beta oxidation, 2-methvlan^no-3-p>*ridiQe 
acetic acid ag^&arruno-S-pjTidLne ar^^^zgdjfwould all sat¬ 
isfy theae c pndT§p &», and aJl became'possiole nicotine me¬ 
tabolites, >|§SP^)rthy for ilJ b$equen^^^^^ation atudies 
(&ee beiofti^a%4he additional obsenliuoi that urine failed 
to give thelootal reaction if boiled p^^^ie addition of 
cyanogen br^n^e (Larson and Haag, T&tSbjT^ 

_ Cotx«der%^i^f the properties of the metabolitefe) reapon- 
«blt for th^g^i^ogen bromide reaction and the behavior of 
model tub^oce* led McKennii and collaborator to the 
conclusion compound in question was probably *r-(3- 

pyTidyI)^'-m^g1aminobut)-ric acid (I) or v(3-pyridy])->. 
aminobut)7|iNil%$ (II) [note change in nomenclature to eon- 
form to aut^^eV 


O' 


a a 

A- 

I 

NH 

I 

R 


(CH,)»—COOH 


1 R - CHt, & - 2; I! R - H, n - 2. 


Both of these compounds, prepared by synthesis (McKcnni* 
d of., 106S), give the characteristic red color in the cyanogen 
bromide reaction before, but not after boiling, which causes 
lactam formation. The mcthylamino acid was prepared from 


the intermediate dibromorotininc hvdrobromide perbromide 
(III) which was converted to cotininr (IV); method of Pinner 
(Ber. H: 292, 1893): 



The lactam (IV) was hydrolixreJ in hot barium hydroxide 
solution to yield the desired mcthylamino acid, with absolute 
optical configuration corresponding to (-)-cicoline. 



The synthetic methylamino acid was investigated by Owen 
and Larson (1658), who found on the basis of the cyanogen- 
bromide reaction that about 86% of an administered dose was 
excreted unchanged by an anesthetized dog. Under similar 
conditions the radioactivity of nirotine-C* 4 (randomly la¬ 
beled) was excreted to the extent of 65% of the administered 
dose (Bennett, Tedeschi and Larson, 1654). 

In anesthetized dogs under similar conditions, with JO 
mg./kg. (~)-nicotine administered slowly intravenously over 
an 8-hour period and the urine collected from an indwelling 
catheter during administration and a subsequent 10-hour 
period, McKennis, Turnbull ahd Bowman (265?, 195S) ob¬ 
tained evidence for the pretence of the suggested metabolite 
7-(3-p>’ridyl)-y-methyl*minobutyric acid, Samples of acidi¬ 
fied urine were placed on Dowex 50 (H“), The pyridine com¬ 
pounds were subsequently removed from the resin with dilute 
ammonia. The ammoniacal eluate, which on paper chroma¬ 
tograms was shown to contain Koenig-positive components 
corresponding to v(3-pyridy])-vmethylaminobutyric acid, 
cotinine, nirotine, aod other metabolites, was subjected to 
treatment on Dowex 1 (OH - ), This ration-exchange refin re¬ 
tained the suspected "y-(3-pyrirfy!)-^-mcthylamino acid. The 
methylamino arid was then removed with arctic acid and 
cyciucd to cotinine. The latter was identified in the form of its 
monopicrate, m.p. J04-306*C. 

During the courre of these studies, it was observed that 
older samples of urine contained more cotinine than did new er 
tamples (McKennis, Turnbull and Bowman, 165S). In the 
older samples, the content of y -(3-pyridyJ)->-mcthylamino- 
butyric acid was correspondingly reduced. Studies in rUre 
•bowed that the apontaneous lat ianutation 
H 




proceeded readily at body pH and temperature. Thus,v(3- 
pyridyl)-*remrlhabminobut)-ric acid ran mtyc in rin? as a pre¬ 
cursor of cotinine. 

Jn addition to the foregnihg pathway to cotinine, involving 
the intermediate formation of v(3'pyridyl).>-methyls mino- 
butyric arid, other and more direct pathways may exist. 


$ttp://legacy.library.ucsf.e<fiii^j6§r(W^daQ/y(s^w.industrydocuments.ucsf.edu/docs/flxl0001 


52259 855 



22 


TOBACCO 




Frankcnbmg and Yailokunas (J. Am. Chem. Soc. 79: 149, 
1957i nottxl thf oxiilulinn of nicotine to cotinine on addition 
of hydrogen peroxide, or merely upon storage in a bottle. This 
•uRgi’sts the possibility that cotininc may arise in rux> under 
the influence of peroxide-catalase (Bowman, Turnbull and 
McKennis, 1030). Evidence for formation without the inter- 
mediate mrthylaniino arid is found also in the work of Hurkcr 
arpTClillei^c (1939) anil of Huvker, Gillette and Brodie (1959). 
These investigator*, using a purified and fortified liver prepa- 
ra^^sst^ted the oxidation of nicotine ( V) to cotinine under 
litions not especially conducive to lactamuotion of the 
tfno acid, and suggested the following sequence: 




Jiate alkylol (VI) 
idy^7-meth> laminobuf 
:ho aod .^i^^unas 
a possi^^J^term 

Phis hypdrfnTilal in 
position in the r#t|^@|m of 
intermediate which 

tionW^^-(3'pyridyI}-Tr.meth 
*or in rit'o with enx t 
evidence for the coo 
icthybminohutyric 




i-CH.CHjCOOH 


the cyclic form of 
de, which Fraokcn- 
Sci. f. 9, 195S5 con- 
the metabolism of 
iate may occupy a key 
eince it is on formal 
upon subsequent oxida- 

tyric acid. No stud- 
stems have afforded 
of cotinine to >-3- 
dies of the stability 


in viiro indicate lho'necessity for a vet-unknown 
( lion, if significant ityttfetysu of cotinine is to be 
UDder philologicale conditiw is (McKennis, Bow- 
urnbull, 195S). pHliiiF 
g administration of jjrotmin cjor nicotine, the dog 
the urine dosmethy^^^^^(\’HI) and hydroxy- 
II). The following naetaloli^aequence is therefore 






OH 



VII 


VIII 


Hyriroxycotinine and dcwmelhyleotimne have eimilar Rf 
values. Following acetylation, however, dcsmcthylcotininc 
readily separates from the mixture. Acetylatcd hydroxy rotin- 
ine his been obtained in the form of its picric acid aalt, m.p. 
166.5-170‘C., CiiHjiOisN^ (McKcnnia cl a!., 1959). The ele¬ 
mentary analysis of these salts is in close agreement with the 
theoretical value*. The alrong positive Koenig reactions of the 
compound point to the probability that the hydroxyl group 
occupies a position on the pyrrolidone ring. Exact assignment 
of the position must await synthetic and tkgmdjs,Uve atudie*. 

Dcsmcthylcotininc from the metabolism of (-)-nicotine or 
cotinine is laevorotalory. By reduction of the compound with 
lithium aluminum hydride in tetrahydrofurane (Wads cl of., 
unpublished results), (-)-nomicotine (partially naccrnbed in 
the reduction) is formed. Since (-)-nomieottoe has the same 
absolute optical configuration as nicotine, the biotrareforma¬ 
tion of nicotine to deamethylcotirune proceeds with retention 
of the absolute optical configuration of nicotine. Similarily, 
cotinine and *-(3-pyridyl)-vtnethylaminobutyric acid meta- 
bolicaily formed in dogs from (-)-nicotine have the aatne 
absolute optical configuration as the parent compound. { + )• 
{3-Pyridy])-Y-meihyLaminobutiTic acid is cyrliied spontane- 
ously or upon heating to (- )-eotinine (McKennis, Turnbull 
and Bowman, 1958). The latter, upon reduction with lithium 
aluminum hydride, yields ( — )-nicotine. * 

Since the imoking of tobacco leads to the ingestion of nico¬ 
tine, nomicotine (albeit in minute amounts), as well as other 
pyridine compounds, many investigators have examined the 
urine of smokers for excretion products (see section on urinary 
excretion of nicotine io smokers, above). Generally apeaking, 
the urinary excretion of nicotine appears to amount to ap¬ 
proximately 10% of the dose. The experiments showing that 
storage of nicotine and its metabolites in the rat, mouse, and 
dog is negligible or small (Gam, Kelsey and Ceiling, 1951; 
Geiling, 1951, Bennett, Tedeschi and Larson, 1954) would 
suggest that the 6ame would hold for man. The metabolism 
of nicotine in man has had only limited investigation. 

Bowman, Turnbull end McKennis (1959) studied the me¬ 
tabolism of nicotine in a human subject who received orally 
30 mg. of (-)-nicotine for 2 consecutive days (in hourly day¬ 
time doses of 3 mg. each). An examination of the chloroform- 

soluble Koenig-positive metabolites by chromatographic 
method* revealed a striking similarity between the urines of 
the nicotine-treated human subject, smokers, and the nico¬ 
tine-treated dog. Although the evidence suggests metabolism 
of nicotine to cotinine, hydroxycotiniDe, and desmethylcotin- 
ine, only cotinine has been obtained in sufficient quantity for 
positive chemical identification This identification was ef¬ 
fected by comparison of the moDO- and dipicrat* salts pre¬ 
pared from authentic cotinine and cotinine isolated from the 
urine. Following oral ingestion of nicotine, ODe human subject 
excreted 10 % of the administered dose m cotinine in the urine. 
A calculation of the percentage conversion by smokers was 
not made, since the emoldog habit* of the individuals con¬ 
tributing urioe were not available for the study. 

Studies on the composition of smoke have indicated the 
presence of cotinine in tobacco-smoke. The excretion of cotio- 
ine by smokers represents, therefore, both exogenous arid en¬ 
dogenous material. That the contribution of the former to the 
total excretion is small, follow-* from the data of Quin (J. Org. 
Chem. £4' 914, 1959), which indicates that cotinine U present 
to the extent of only 0.057 mg. per cigarette in the main- 
stream amoke, McKennis and Bowman (unpublished results) 
have shown the human can readily metabolite cotinine, and 
have demonstrated one or more chloroform-soluble metabo- 
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lite* in the urine* of 2 non-smoking humect following oral ad¬ 
ministration of the rompound. The aubjerls in these studies 
received 300 mg. of cotininc daily in single ora! doses, and re¬ 
ported a complete absence of the nausea and vomiting which 
so often follows administration of nicotine. The preliminary 
data indicate strongly that there may be several metabolites 
of cotinine in the urine which have not yet been found in the 
urine of animals or humans following administration of nico¬ 
tine. Qm. suggestion has been that these differences reflect 
posfibl/inhitidin' effects of nicotine on the further metabo¬ 
lism oyta degradation products. The effect of diet, directly 
on metati^sSn, or indirectly in possible influence* on reab- 
sorplio^rof parent compounds or metabolites from the kidney 
" is also to be considered, 
the foregoing problems which, for any early 
the employment of considerable experimental 
required to elucidate the basic mechanism* 
^risible for the many tnetkbgJigtransformations 
ch have been thus , Jo the me- 

oicotine to dwnetbylmininf, many possible 
fcl. Following the difeevery^rf this dcmethyl- 
iUod reaetion^cKermis a a!, (unpifbfil$‘?d fesuiLs) prepared 
<~)-nit^p?^hmethy3 by lreatirM^^sioniicotinf with 
formal^en)l^v H and formic arid; 


HCOOH 


tine v a|$iii$@i'Ud i 
in the l|pkgd *i f 1 
ethyl grofrjy id mini, 
appro>i&|Sipf.?% 
and Bennett, Ted 
unable to detect C 
■ for this in the dose 
randomly-labeled nieot 
tinine following ad 
tablish demethylsti. 
vf or tr*nsjnethyiatifeff‘pf'S^t»s« are involved, 
cKennis, Bowman a nd Turr^ ull (I960) have 
g the administrati^^^^ 5 tin»ne to dogs, a 
lit* with empirical formula C't>Hi»0»N|. Thi* 
ds methylamine andp^^^iarid upon acidic 
■sis. It contain* oncicarl&onvj group which re- 
xylamioe to form an^^^pfiJinXiCh. Since 
reduction under AYolMvishner conditions al¬ 
yl) butyric acid, the position of the ride-ehain 
e keto acid, which is stable to acidic hydroly- 
Ihe known v(3-pyridy!)*Y-oxobutyric arid, 
e, the rtructure i* tentatively given as *r-(3- 
X -methylbu t>Tam >de: 
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the oppoi 
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Recently 
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neally ihto rots, 
uined approximately 
and the urea car* 
spy and Geiling 
i nnd'Xarson (1954) in 
expired air; but 
diluted through 
is, and isolation 
n of oicotjhe to 
o not establish 




or 

acU 
the prod 

ford* v( 
v indica 
«*, diffe : 
In co 
pyridyl) 




-CH,CONBCH, 


This interesting metabolite could conceivably provide, 
through possible «nym*tic hydrolysis, a source of methyl- 
amine as well as pyridyl acetic acid and acetic arid. 

Another viewpoint on the path of metabolism of nicotine 
arose from the finding* the! liver slier* metabolised nieotyrine 
{3-(l*methy)-J-p)TryI)pyridine) much more rapidly than nico¬ 
tine; that the enzyme system involved has much the aame 


characteristic* as that for nicotine; and that the metalxdism 
©f nicotine is completely inhibit'd in the presence of nii-otyr- 
ine, but that of nirotyrine is not affnied by the presence of 
nicotine (Wcrle and Kocbke, 19-19). This !rd to the view that 
nirotyrine m*y be an intermediate product in nicotine me¬ 
tabolism. Pursuing this further, IVcrle, Kocbke and Meyer 
O&50) examined the urine of dogs, rats, and guinea pig* re¬ 
ceiving nieotinr for the pretence of nic-olyrinr by mean? of the 
diato reaction. Pistillate* from control urines gave a positive 
diaxo reaction, but following nicotine administration, the in¬ 
tensity was increased by an amount calculated to be equal to 
about 9% of the administered hieotinc. In addition, thr in¬ 
dividual organs of guinea pigs and rate gave intensified diaso 
reactions for nirotyrine following inlrartrdiar or intrsperi¬ 
toneal injection of nicotine. From this, the conclusion was 
reached that nieotyrine may be a product of nicotine mrUbo- 
Usm. Colorimetric, chromatographic, and ultraviolet epoctno- 
•copic rtudies by Takeuchi (1655a, b) were interpreted by 
him a* indicating the presence of nirotyrine in rabbit-liver 
extract incubated with Dicotine. Howcvct, when nirotyrine 
wa* administered to dog* by Larson cl ri. (3950), the urine 
did not contain an end-product yielding a red color when re¬ 
acted with cyanogen bromide. Arguing that this product ap¬ 
pears to be a product of cleavage °f the pyrrolidine ring of 
the nicotine molecule, tod that if nieotyrinr i* an intermodule 
in nicotine metabolism, it* formation would pm-ede the ring 
cleav age, these authors felt that the postulate that nirotyrine 
may be an intermediate product in nicotine mcLabolbm was 
not likely to be true, at least in the dog. 

Werle and Mevcr (1650) claimed the production of methyl- 
amine using liver alirea incubated with nicotine, but. bier, 
Sehirvflbrin and Werlr (165?) were uneblc to dclecl forma- 
tion of methylamine in the detoxication of nicotine by rabbil- 
livcr slices. Also, following administration of C H -randomly. 
labeled nicotine to the dog, Owen and Larson (195S) were 
unable to detect any radioactivity in a volatile frartion from 
urine that should have contained any excreted methyls mine. 
These observations lessen the likelihood that A -(3-pyridyl)-4- 
keto-butyric acid, a product of metabolism of nicotine by a 
species of soil bacteria (Wade and Yamasaki, 3653), may be a 
metabolite of nicotine in mammal?. Further indication of this 
vis obtained by Turnbull, Bowman and McKrnnis (1955), 
who, in chromatographic studios on the urine or rabbit* re¬ 
ceiving this acid, found no Kbnig-reaction-positive materials 
corresponding to those obtained from the urine of ni'Otinc- 
treated dogs. One metabolite of the koto arid, 4-(3-pyridyJM- 
hydroxy but ttic acid, was isolated from the rabbit urine and 
chemically identified. 

Nicotine oxide w as felt to have been eliminated as a product 
of nicotine metabolism, since a reduction reaction did not con¬ 
vert the product* of nicotine metabolism back to nicotine 
(Wrrle, Kocbke and Meyer, 1650). 

In rtudic* on detoxication of nieotinr by liver eliccs with 
recovery of the unchanged nicotine by *le*m distillation, 
Wcrle, Kocbke and Meyer (1950) noted that thr time-extinc¬ 
tion curve for the cyanogen-bromide reaction product with 
this distillate showed a alight but regular deviation from the 
course of the curve with pure nicotine; also, upon intravenous 
injection of this distillate, thr form of the blood-pressure curve 
was different from that following injection of pure nicotine, 
in that a fall in blood prreaure followed the rise in pressure 
predured by nicotine. From the rtcam-distillation residue, a 
chloroform- (not rthrr-) soluble material rouhl be extracted 
which gave a positive CNBr-anilinr reortion; the material 
was not extractable at acid or neutral pH, and hence w»* a 
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base. Assuming the sensitivity of the reaction to be the same 
as that for nicotine, the material would account for about 30% 
of the dctoxifiixf nicotine. By treating the strom-distillation 
rveidue with line and acetic add, there resulted a steam-vola¬ 
tile product which reacted with cyanogen bromide and aniline; 
it had no pressor effect on the dog, and henre waa not nicotine; 
but it* time-extinction rurve imlicokd it wua closely related 
to nicotine. 

f WrNe and Meyer (1550) incubated 400 gamma of several 
VnjootLpe derreativr* with 800 mg. of liver slice*, and reported 
7c of anabwinc, 34-41% of anatabine, 18-32% of 
pmetamcotinc, and 1B~2$% of nomivotioe were detoxified in a 

akin and supporting tissue, which are rich in organic 
^^fculphur radicals, Jena (Dent. med. W*ehr. 63; 240, 1 977) pre- 
fraction which he railed Detoxin, Kecaer (It#?) found 
Ltp^mt rave nous injection of De^g^i|i into pigeon* and rabbit* 
p$8$i^<ird the toxic effect* and he auggreted that 

i., a chem ical process was involved in which the autfhydryl 
„ , |q Detoxin played af'dmpo^ftnl role. The question of 

whctf^los* of SH groups irt thrfientient system might reduce 
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road sense of freeing the 
,• any and all means, the 

t nicotine is quit* rap* 
that, given fractionally 
the aingie lethal dose ran 
uences (dog: Dobrtan- 
2S; Straub and Amann, 
1940; mouse: Heubner 
□ and Finnegan. IB-45; 
FmDfgan and Haag 
detoxication of nicotine 
L.D.* value*, a* deter- 
>y inatantaneou* intravenous injection of the total dose 
>iai ane*lheaia, with the lethal dose when given over 
Phour period by continuous intravenous infusion. L.D.» 
gwtrt:dog. i> mg./kg.; cal, 2.0; rabbit, 9,4; and mouse, 
that dose* over the 8-hour period were: dog. IS mg./kg,; 
l; rabbit, 40; mouse, 40. These reaulta, while compare- 
iot repreaent the maximum rate of detoxication of 
ftcotine by three animal*, ainee the body concentration of 
nicotine wa* built up gradually during the infusion. The re¬ 
sult* do indirate that nicotine is quite rapidly detoxified by the 
animal body, and that considerable specie* variation exist* in 
this regard, 

Species variation in the rate of detoxication of nomieotine 
has alto been shown to occur, Larson and Haag (1943) ob¬ 
tained data indicating that the rabbit may dispose of nomico- 
tine at a rote comparable to that found by Weatherby (1939) 
for nii-otine In this aperies. However, the mouse detoxified 
nicotine much more rapidly than nornieotine (Larson, Haag 
and Finnegan, 1945). In a more quantitative *tudy in the dog, 



Hucker and Larson (IBoS) found that not only was nomieotine 
meUboliiod more alowly in this species than wa* nicotine, but 
that rate of metabolism appeared to be independent of dosage 
within the range studied. 

Following the injection of nicotine labeled with C'\ the 
mouse eliminated 80% of the administered radioactivity in 
the urine io 6 hours, and the rat eliminated about 40% in 3 
houre, about 85% in 6 hours, and all or almost all in 16 hours 
-(Gan*, Kelsey and Geiiing, 1951; Gciiing, 1851). Similarly, 
following in Ire venous infusion over an 8-hour period in the 
dog of 1 or 10 mg.Ag' dose* of nicotine containing C H -ran- 
domly-iabeled molecules, approximately 95% of the radio¬ 
activity appeared in the unne within 36 hour* (Bennett, 
Tedeschi and LarsoD, 1954). Twenty-four hours after injec¬ 
tion of 5 mg,/kg- nicotine into rata, no nicotine could be found 
in liver, lung, kidney, spleen, intestine, brain, or akeletal mus- 
cle Bteam-dialitled in the presence of sodium chloride and 
magnesium oxide (Werle and Uachold, 1948). Thu*, it appears 
that neither nicotine nor it* product* of metabolism are re¬ 
tained to any great extent in the body, 

Comparable data for man are Dot available, However, 
Wolff, Hawkins and Giles (1649) studied subject* smoking 20 
cigarettes in 7 hours, and their results indicated quite rapid 
detoxication Of Dirotine by man. Control blood, drawn 8-10 
hour* after smoking, contained nicotine or nicotine-like sub¬ 
stances in amount* equal to 0.02-0-35 mg. per liter, and at 
the end of the amoking period, this was elevated by 0 to 0,13 
mg, per liter. Assuming that obout 60 mg. of nicotine w ere 
absorbed from amoking the 20 cigarettes, the author* esti¬ 
mated that 80-95% was metabolued during the smoking 
period. The analytical method for nicotine used in these stud¬ 
ies w o* a spectrophotocnetric one. 

The metabolism of nicotine and its deto.destioo Cm the 
broad sense) have been renewed by Larson (1952). 

f>f etaMirm by Sf icroorffcmimxt 

Bucherer and Ender* (1941-42) succeeded in isolating 3 
drains of nirotine-cataboliiirg bacteria. When incubated at 
37*C. for several weeks in a nutrient solution containing nico¬ 
tine, potassium acid phosphate, magnesium sulphate, and fer¬ 
rous sulphate, plus fertile earth and sewage sediment, a specie* 
of green bacteria ratsbolued 95% of the added nicotine in 6-S 
wwb, a specie* of brown bacteria cstabolised 24.7% in 5 
weeks and 100% in 6-8 week*, aDd a bacillus X caUbolued 
100% in 3 weeks. Later, Bucherer (1942-43) described the 
isolation in pure culture of several species of bacteria which 
would decompose nicotine; the culture medium used contained 
nicotine u the only nitrogenous and carbon-containing con¬ 
stituent. 

Wenuach (1942c) noted that 0,1 % nicotine photphate solu¬ 
tions to which tobacco seeds had been added and permitted 
to stand at room temperature for 3 dBy* lost their nicotine 
content, as judged by silicotung'stir-acid precipitation of a 
steam-distillate or ether extraction of the liquor, both of which 
methods failed to recover nicotine. The nicotine was not taken 
up and stored in the seeds, for only trace amounts could be 
found in three. Of the two possible explanations, that the Dico¬ 
tine wa* chemically altered by eniyme* present in tobacco 
seed or formed on soaking the seeds, or that the change w as 
caused by bacteria, the Utter assumption was held to be the 
most likely; and Wenusch adduced evidence that the tobacco 
seeds merely produced a better nutrient medium for the bac¬ 
teria. The chemical change undergone by the nicotine mole¬ 
cule was considered to be extensive, since even pyridine pre¬ 
cipitate* with ailiootungstie arid. As a result of this bacterial 


http://legacy.library.ucsf.ecffii(^j6§r(W^daQ/)(s«lt/w.industrydocuments.ucsf.edu/docs/flxl0001 


52259 8554 





ABSOTirriON AND FATE 


2 o 


ariioo, the solution beeamf violet in color, From such solu¬ 
tions, Wenusch «ucrceded in isolating & hard yellow material, 
soluble in dilute alcohol, melting with foaming at 250*C.; but 
whether or cot thb was related to the destroyed nirotine was 
not determined. Subsequently, Wenusch (lW2d) isolated a 
material corresponding to K -methyl myoeroine. 

Using a species of barteria {probably belonging to F*cuA<h 
ww>nci)yaoUtod from soil, v^hich was able to utiliio nicotine 
*« a racoon ai^welJ as a nitrogen source, E, Wad* and Vims- 
saki ( ^>33 , l|jM) analysed the culture medium following in- 
cubati^i^^iiicotinf, and postulated that the nicotine deg¬ 
radation- followed the path: nicotine —» ©xynieotine — 
p^ud^jaic^yrie —• 4-(3-pyridy])-4-kelo*bulyric acid — ? 
Btructp#T6nbuUs are given in Wada and Yamasaki (1953), 
A aubmnce which may be produced through further d room - 
poritk^S«a||Sbt extractable with et^er from acid or alkaline 
•olution, precipitated aa theffie qat* f rom the acidified 

•olutidS-l^iiad a melting poiDt of Analysed car- 

boD 21.29, hydrogen 1.34. nitrogen P677. In further studies, 
57) found that bacteria which can utilise the 
fs as sole sources of bothpitlogen and carbon 
into two types, A iakgaslBgi of which type A 
le of degrading nicotine, whereas type B decom- 
and anaba-rinp .as w^ toj^ htine. The degra- 
>f nicotine by both tfpfisifiLS found to be the 


k. 




same and was represented as follows: nicotine — pscudo-oxy- 
nicotine — vkrto-v(3-pyridyl) butyric acid —• 3-surrinoyl- 
6-hydrovv pyridine — aliphatic compounds. Komicotine was 
degraded by the bacteria, type I*, along the following achemr: 
nomicotine «— 6-hydroxyroyosmino — 3-succinoyI-6-hydroxv- 
pyridine — aliphatic compounds. Anabasinc was degraded by 
the aamc bacteria along the pathway; anabarine — I’, 
fi'-dehydro-G-hydnoxyanabasinc -« 3-glutaroyl-6-hydrosypyri- 
dien — aliphatic compounds. The essential action of the bac¬ 
teria of both types on the alkaloids consists of dehydrogena¬ 
tions and hydroxylalione. The sequence of these steps is thr 
reverse in nicotine oxidation, as compared to the oxidation of 
nomicotine and anabasine. It was noted that nicctyrine, 3- 
pyridyl methyl ketone, 8-pyridyI A’-propyl ketone, and oxy- 
nicotine cannot be intermediate* of nicotine degradation by 
the bacteria. Nicotinic acid aeemed not to be an intermediate 
io nicotine degradation, but could serve as the aole aource of 
nitrogen and carbon for both types of bacteria, and was de¬ 
graded through 6-hydroxy nicotinic acid, 

Frankenburg and Vaitekunas 0953a) found that microor¬ 
ganisms derived from the surface of tobacco aecds degraded 
nicotine in niro in b X 1(H to £ X 10“ 5 molar aqueous aolu- 
tion6 at pH 7. The stepwise oxidative breakdown of nicotine 
can proceed along three different pathways, as outlined io 
Figure 1*2. From solutions of nicotine undergoing this change, 


(vMeihylaminopropyJ (3-pvridyl) ketoneX 

3-Pyridy| propyl kelone (IV) 
and 

‘v-Keto-->t3-pyrldyl)butyric acid (III5 
a 2a /\ * 2b 

/ \ 

\ 

\ 

\ 

3-Succinoyl-6- 
bydroxypyridine (VJ11) 



Compound (II), probably 
rtiiied to o(N-Metbyl 
pyrrolidine) glut*conic acid 


S-Pyridyl roelhvl ketone (V) 

i 

Nicotinic acid (VI) 

i 

fi-Hydroxyoicoiinic acid (VII) 


(Gluucocie acid 
derivative) 


(Glutaconic dialdehyde 
derivative) 

/ 

Methylamine. ammonia, 
oxalic acid, 
trace* o( malonie and 
succinic acids 

Fic. 1-2. Pathway* of oxidative breakdown of nicotine by nucroorgamum* derived from thr surface of tobacco seed- 
Frankenburg and Yaitekuna*, lftSib, courtesy of Archive* of Biochemistry and Diophyaici.) 
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Frwnkrnburg end Vaitekunas 0055b) isolated compounds (I) 
**>d (II) and the termirvall^chemicals involved in fioth* 
»'*y * 1. The other two pathways both start with opening of 
the pyrrolidine ring, with rompound (III) as the first detecta- 
blc product; (III) is further decomposed by cither one of two 
sequence* of reactions, »2o or % 2b. The numbered com¬ 
pounds were identified in thn^ pathway (see Figure 1-2). 

HylLn (1059) reported that AcrotncixxcUr nkotinophafum 
Wan o^dae nicotine by two distinct pathways, In rapidly 
idividinj cultures, the alkaloid is degraded via 0-hydroxy* 
to aliphatic products, Mature, resting cells convert 
^coline to a oon-mcUxbolitable product, 6'hydroxy-3-*ueein- 
Thee nrymrt which catalyse this transformation are 
wSfwTf^tly formed adaptively. Interruption of cell division 
Steaulla in adaptation to this second pathway. Other alkaloid* 
’|(nomirotine, mctani^otinc, anabasine, nicotinic arid, 
vydroxyniootinic widJ^Wej^.jpt metabolised by this 

and Roarnfirld (19S§5 isolated from tobacco leaves 
strain which oxidised ratine to y-aminobutyric 
amino acid was fouM'W'Sroumulate to a limited ex- 



fermentation broths 
ition is adaptive in Mature, 
rtiral possible amot 
Data from manor 
cells indicated that old cells til 
piffle and iD a linear fashior 
ceIU<$£»wd out an initial oxk 
mi&omol# oxygen ..peb micro* 



the ensyme required for 
lecovenes of 10-26% of 
iminobut^Tic acid were 
rriments with resting 
oxidise nicotine com- 
|inobutvrie acid. Young 
Juiring approximately 5 
>tine oxidized; this was 





followed by slower pH-aensitive oxidation steps. It wu postu¬ 
lated that the bacterium attacks first the pyridine portion of 
the nicotine molecule. Glutamic acid would be an intermedi¬ 
ate, and would be. immediately cJwarboxyktcd to give v 
aminobutyric acid. 

Crude cell-free extracts prepared from a aoil bacterium 
(designated as strain P*M * pam-negative rod) capable of 
growing at the expense of nicotine as the sole source of carbon 
and nitrogen, were found to degrade nicotine with the coc- 
aumption of 3 micromoles of oxygen pe; micromole of nicotine 
when supplemented with methylene blue; no carbon dioxide 
was formed up to this level of oxidation (Hochstein and Rit- 
tenberg, 1959*, b), With crude extracts, nicotine oxidation 
proceeded through a aeries of sharp changes of rate occurring 
after the uptake of 0.6, or multiple* of 0.6 micromoles of oxy¬ 
gen per micromole of nicotine. Chromatographic evidence and 
ultraviolet absorption data indicated that each point of change 
of rate coincided with the temporary accumulation of inter¬ 
mediates in the oxidation sequence, and that none of the 
serially accumulated intermedia tea are oxidized until their 
precursors are exhausted. The nature of the first oxidative 
product, and ita failure to give a Koenig reaction, suggest a 
primary attack at the pyridine moiety of nicotine to yield a 
pyridone aubstiluted at an o-carbon of the pyridine ping 
(1959ft). Further studies indicated that the first oxidative 
product of nicotine was (0'6'hydroxynicotine, on the basis of 
ita correspondence b properties, including icir&red spectrum 
with synthetic fc-hydroxynirotioe (1959b). 
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Addiction, dependence and habitual substance use 



arburton 


For over six months now, I have been haunted by 
the word addiction, It started when someone asked 
me at a party. 'You are a psychologist. You do work 
on smoking. Do you think that smoking is addic¬ 
tive?' 1 said *No, not in the sense that addiction is 
usually used’, and said something about smoking not 
being in the same sort of activity as heroin taking. 

I didn't think enifohjnore about the conversation 
until I read in Newiai^|g|es of the British Medical 
Journal of 16 June !PPi that: 

In the United t&iics ^sjnoken with lung cancer 
continue their ef&rtFjesul the tobicco companies; in 
its May/June nt^^^pthe Association for Non¬ 
smoke n' Rights Feponftrat Rose CipoHoni * lawyers 
are claiming thaUgte c©!jf>p*nies . „ . manulaauied 
addictive CtgarefK^plu^h made health warnings 
meaningless. bssss&Bsssg i 
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In common usage in the United States, addiction is 
taken to mean habitual behaviour. For example, 
Websier's New International Dictionary (3rd ed.) 
efines addiction as ‘the compulsive uncontrolled 
of habit forming drugs* and the addict as 'one 
who habitually uses and has an uncontrollable 
craving for an addictive drug*. In this definition, an 
addictive compound is seemingly only one that can 
generate uncontrollable craving. In contrast, the 
Concise Oxford Dictionary defines an addict as l 
'person addicted to a habit, esp, one dependent on a 


(specified) drug*. In the Webster definition, there is 
no mention of dependence, while the British English 
definition has no mention of uncontrollable craving. 

Obviously, there is not a simple consensus in the 
English speaking world, In desperation, 1 looked up 
the derivation of the words addict, addicted and 
addiction, The Shorter Oxford Dictionary gives the 
etymology of addict as: from the Latin word, 
addicius— assigned by decree, made over, the past 
participle of addicere, to appoint, allot. Addict in 
Roman Law meant to deliver over formally by 
judicial sentence to, 8nd from that, figuratively, to 
devote or apply habitually to a practice, As exam¬ 
ples. it cites; 

1. The day he addicts ... to study. 

2. He cannot addict his mind to . . . profitable 

business. 

3. To addict themselves to Sack. 

4. To addict themselves to vice. 

From addict has come the past participle 
•addicted' used in the sense of devoted to. 

Maria: . . . and he will smile upon her, which will now 
be so unsuitable io her disposition, being addicted to a 
melancholy as she is, that it cannot but turn him into a 
notable contempt. Twelfth Night, II, v. 211. 

... but Mr Saltecna was not very addicted to prayers 
ao he marched up to bed. Ashford, 

We be virgins, and addicted to virginilie. Greene. 

The noun addiction has come from Roman Law 
referring to 'a formal giving over by sentence of 
court; hence, a dedication to a master* and so 
devotion. However, addiction, as well as meaning 
devotion, can also mean a bent or an inclination. 

Herald: It is Othello's pleasure, our noble and valiant 
general, that, upon certain tidings now arrived, 
importing the mere perdition of the Turkish fleet, 

- every man put himself into triumph; some to dance, 
some to make bonfires, each man to what sport and 
revels his addiction leads him. Othello, II. ii- 6. 

Thus we can see that addiction in ordinary usage 
can refer to work and business, sport and revels, 
melancholy and study. Sack and vice, prayers and 
virginity. Certainly, it is a very broad concept which 
has been applied to a wide variety of behavioural 

phenomena. 

Besides the everyday use of the word addiction, it 
is reasonable to ask if there is a scientific definition 
of ‘addiction’. A search of the literature revtals 
many possible medical definitions. One set of these 
includes physical dependence as an essential charac¬ 
teristic. For example, the National Clearinghouse 

\ 
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for Drug Abuse Information in the 1970s equated 
addiction with physical dependence on b drug and 
this is the most common, older definition of addle* 
iton. For example: 

Addiction occurs only when opiates are used to 
alleviate withdrawal distress, after this distress has 
been properly understood or interpreted, that is to 
say. after it has been represented to the individual in 
terms of linguistic symbols and cultural habits which 
have grown up around the opiate habit. If the 
individual fails to conceive of his distress as with* 
draw-al distress brought about by the absence of 
opiates he cannot beeome addicted . . . Undesmilh 
(1947). 

This 'addiction* definition by Lindesmith (1947) 
requires that ther^jsjphyscial dependence, but also 
it specifics that th»K^Ljjome recognition by the 
individual of thekj$§rmlltion between use and 
withdrawal symptoms. Thus, without this aware- 
^ ness, ihe term ad<$ttionjS|nnot be used. 
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Narcotic Rehabilitation Act 
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In these terms. is either a person who 

uses drugs and moral, health or safety 

problems, or he n^^only^be a user with no control 
over their use. Physical dependence or 

withdrawal symptoms is nqt a necessary symptom ai 
all in this sort of 

'Many definiiio#^W : 'not made physical depen¬ 
dence or withdrsw^Ls ^m ptoms a crucial require¬ 
ment but do inclu^^WSnc of the several possible 
characteristics, self-control and harm. 

The definition oPTroufe? & Vogel (1962) is one 
example of this sort of definition. 

Drug addiction may be defined as a state in which a 
person has tost the power of self-control with refer¬ 
ence to a drug and abuses the drug to such an extent 
that the person or society is harmed ... In addition 
one or more of the following related but distinct 
phenomena are always present; (a) tolerance, (b) 
physical dependence with resulting abstinence illness 
when the drug is withheld; (c) habituation or emotion¬ 
al dependence. 

In these latter definitions, an essential character¬ 
istic of addiction is loss of self-control oyer use and 
the extent of the harm for the user or society and not 
physical dependence. However, the statements ab¬ 
out 'power of self-control’ and ‘harm* are so vague 
as to be almost meaningless. 


266 


A rather different definition of addiction was 
proposed by the World Health Organijaiion Expert 
Committee on Addiction-Producing Drugs in 1950 
and revised in 1957. Their 1957 definition stated: 
Drug addiction is a state of periodic or < chronic 
intoxication produced by the repeated consumption of 
a drug (natural or synthetic). Its characteristics 
include; (i) an overpowering desire or need (com¬ 
pulsion) to continue taking the drug and to obtain it by 
any means; (ii) a tendency to increase the dose; (iii) a 
psychic (psychological) and generally a physical 
dependence on the effects of the drug, and (iv) 
detrimental effect on the individual and on society. 

It is dear that the WHO definition departs 
significantly from those of Lindesmith. Maurer & 
Vogel, and Chapman. In the WHO definition, the 
essential aspects arc an overpowering desire, a 
tendency to increase the dose and a detrimental 
effect on both the individual and on society. Physical 
dependence is not a requirement for addiction, only 
a possibility. Tolerance is not essentia) and only a 
'tendency* is required. Clear specification of state¬ 
ments such as ‘overpowering desire* and ‘tendency 
to increase the dose’ were not made. Similarly, 
‘detrimental effects’ is such a value-laden concept 
that agreement on its nature would be impossible. 
Indeed, it is doubtful whether any of these terms can 
easily be specified. 

In addition, it is obvious that the condition, 
‘psychic dependence*, if it existed, would be difficult 
to determine. This has now been recognised by the 
WHO and the 16th WHO report of the Expen 
Committee on Drug Dependence (1969) stated: 

Evidence concerning the presence and degree of 
psychic dependence is drawn mainly from case histor¬ 
ies , subjective uatements and general observation. 

In view of these flaws in the definition, It is not 
surprising that the WHO Expen Committee on 
Addiction-Producing Drugs (1964) concluded; 

The definition of addiction gained some acceptance, 
but confusion in the use of the terms .addiction and 
hsbuuatjon and misuse of the former continued. 
Further, the lisi of drugi abused increased in number 
and diversity. These difficulties have become in¬ 
creasingly apparent and various attempts have been 
made to find a term that could be applied to drug 
abuse generally. The component in common appears 
to be dependence, whether psychic or physical or 
both. Hence, use of the term ’drug dependence 1 , with 
a modifying phrase linking it to a particular drug type 
in order to differentiate one class of drugs from 
another, has been given most careful consideration. 
The Expert Committee recommends substitution of 
the term “drug dependence' for the terms “drug 
addiction’ and 'drug habituation*. 

This recommendation was endorsed by the WHO 
Scientific Group later in that year (WHO Scientific 
Group. 1964). The term addiction was abandoned 
and the WHO Expert Committee on Addiction- 
Producing Drugs was renamed the WHO Expert 
Committee on Drug Dependence. 
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In spite of this rejection of the term. The National 
Institute on Drug Abuse produced their Technical 
fie view on Cigarette Smoking as on Addiction in 
1979, in which a NIDA committee gave a definition 
which was devised specifically to include smoking. 
Unfortunately, it is susceptible to many of the 
criticisms of addiction that have been mentioned 
before. Their wording of the definition was: 



An addicting substance is one that has: (t) pharmaco¬ 
logical properties leading to compulsive u«; (2) a 
capability of producing organ and/or behavioral toxic¬ 
ity; and (3) a use pattern associated with adverse 
social consequences. In addition, this term is generally 
applied when the ingestion of such substances u 
viewed by a Urge segment of the society as undesir¬ 
able- 






The definitions that have been cited imply that 
'addiction' is drug use that results in dependence, 
tolerance and th#T^edu> increase the dose, and 
compulsive use rtUjpiPiironi uncontrollable crav¬ 
ing in various dpmoinatWs, However, Stepney 
(1981) has shown £sxnvi»4pgly that certain non-drug 
habits, such as tiimpting, athletics, hobbies and 
gambling, reveal |gggg||6|these sorts of features as 
well. ForexampieTne points out that the tolerance is 
not unique to drtg§|gtyp 

For the conDrrijd^^^e no speed is fast enough, for 
the stamp coll^^^^^ecimen rare enough, for the 
anorexic no weight is lovy enough, for the businessman 
no bank balan^^^wiough. 

Fr om t his descgto|3yUjt is clear that there is no 
agTeefiem^aboutlisP^^tition of the term 'addic¬ 
tion' mediq^nd psychological literature; it 

ha^oryyyxen de^nellio>fit the substances that the 
inv^sitfarc^s ha meres ted in. The broad 

definitions include many sorts of habits. Some 
definitions of add^^ii^iply physical dependence 
and some do not. S&w tt i nvolve tolerance and the 
need to increasej&^iiiifSe and some do not, They 
sometimes spetifp«e 0 i«»$ulsive use with uncon¬ 
trollable craving^ajjj$rnetimes they do not. The 
meaning of the word 'addiction' is thus confusing 
not only to ordin^-x^gle but even to the scientific 
community. IndHro^es Reginald Smart of the 
Addiction Resej^s^Rg^idation in Toronto, who 
listed some de^MtlpfHof addiction that were 
mentioned abov«^.^^^Jed: ‘In summary, there is 
no real agreemeift^&^toncepts such as addiction 
and abuse' (Smart. 1974; p. 31). If there is no 
consensus on the definition of addiction, how can 
the word be used as a health warning on cigarette 
packs or on advertisements? As psychologists, we 
should abandon the use of the term which has so 
many vague connotations. It is significant that the 
American Psychiatric Association (I960) in their 
Diagnostic end Statistical Manual of Mental Dis¬ 
orders do not use the term ’addiction' for any 
substance use disorder and instead they use the 
concept of dependence, e.g. tobacco dependence. 
The question is whether the concept of dependence 
is a better concept than addiction. 


Dependence 

The WHO definition of drug dependence (WHO, 
1969) which was used to replace addiction-was: 

A state, psychic and sometimes also physical, resulting 
from the interaction between a living organism and a 
drug, characterised by behavioral and other responses 
that always include a compulsion to take the drug on a 
continuous or periodic basis in order to experience its 
psychic effects, and sometimes to avoid the discomfort 
‘of its absence. Tolerance mayor may not be present.. 

Unfortunately, this definition is as unsatisfactory 
as that of addiction because it still involves vague 
concepts such as ‘overpowering desire', ‘psychic 
dependence', 'deprivation symptoms’ and ‘tendency 
to increase dose’. It is so broad as to be almost 
meaningless. The only son of substance use that 
could be excluded might be a chemical from which 
the user derived no benefit after continued use. 
Certainly coffee drinking is included, and many 
forms of chronic medication, like hormone therapy 
and pain killers, would fit as well. The definition 
would even encompass eating as a form of chemical 
dependence. 

The American Psychiatric Association (1980) in 
their Diagnostic and Statistical Manual of Menial 
Disorders include problem use as one of their 
diagnostic criteria. Thus, for tobacco dependence 
the definition is: 

A. Continuous use of tobacco for a leasi one month. 

B. Ai least one of the following: 

(l) serious attempts to stop or significantly reduce the 
amount of tobacco uk on ■ permanent basis have 
been unsuccessful; 

f2) attempts to nop smoking have led to tobacco 
withdrawal; 

(3) the individual continues to use tobacco despite a 
serious physical disorder (e.g. respiratory or cardio¬ 
vascular disease) that he or she knows is txacerbatcd 
by tobacco use. 

The American Psychiatric Association note specifi¬ 
cally with respect to impairment that: 

Since tobacco use rarely causes any identifiable state 
of intoxication as does alcohol, there is no Impairment 
in social or occupational functioning as an immediate 
and direct consequence of tobacco use. 

The main criteria for which they recognize depen¬ 
dence is foj when the person is ill and this illness is 
aggravated by continuing to use tobacco, and ib) 
that when people, who wish to give up for whatever 
reason, cannot do it. This definition does not 
involve vague concepts such as 'overpowering de¬ 
sire*, ‘psychic dependence', ‘deprivation symptoms' 
and ‘tendency to increase dose'. Ii merely argues for 
a diagnosis of dependence when there are problems 
associated with substance use. 

This definition recognizes that dependence is a 
condition that exists in many forms and many 
degrees, and it is not only with extreme use that 
problems can occur. Dependence has many aspects 
to it, rather than any one key diagnostic feature. We 
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are all ‘dependent* for our ordinary h&ppiness, 
gratification, emotional well-being and general qual¬ 
ity of life on i whole range of people and objects, 
We are in this sense clearly dependeni on things like 
out family and friends, our job, our motor car, our 
favourite armchair and the television set. We 
experience ‘withdrawal lymptoms* if we are dep¬ 
rived of them. It is consistent with this view that 
some people find that their quality of life is 
improved by the use of chemical substances, like a 
glass of beer, a cup of coffee and a cigarette and 
some degree of substance dependence on alcohol, 
coffee and cigarettes. If the word is used in this way, 
dependence must be considered a normal condition. 
Among normal drinkers and smokers there will be a 
wide range of sensed need for alcohol, coffee and 
cigarettes, in tehees both of smoking and drinking 


occasions and the ». 
who smokes o 
degree dependent on 
They suffer ‘de|n 
have their event 
cigarette and c 
dependence but 
srom habitual s 

Habitual aubsubet use 
The terms 'ad 



consumed. Thus everyone 
s at least in some minor 
arenes. coffee and alcohol, 
symptoms if they did not 
f sherry or their after-meal 
e crucial issue is not the 
sequences that may Tesult 
use. 



nd ‘dependence’ are what 
referred to as ‘fat words’; 
eadings types of behaviour 
^disparate. In all definitions of 
cnee that have been discussed, 
is substance use. Recently, 
as been followed by the 
neil of the United States, 
of meetings and reports on 
with the aim of finding 
chological and 'social pro¬ 
cesses, underlyja^ihe^habitual use of substances, 
including alcohbi. food ^tobacco, and psychoactive 


National Rese 
They sponsored a 
habitual subst 
common biolo 


drugs. The res 1 
Commonalities 
Behavior (Levii 
Among the 
studies of subs' 
resuli in problems 


is research are published in 
fuKrwnce Abuse and Habitual 
1983). 

important considerations of any 
gg is the ton of use that will 
ifnhe individual and society 


which is called substance abuse. Unfortunately, the 
articles in the Commonalities in Substance Abuse 
and Habitual Behavior volume do not consider the 
extent of use that will result in problems. In order to 
reduce the likelihood of ‘problems’, it will be 
necessary to understand safe substance use. As 
Orford (1985) bas pointed out in his book, Excessive 
Appetites , many substances are used by the majority 
of people as a pleasurable and moderate form of 
indulgence without problems. 


Conclusion 

The terms 'addiction’ and ‘dependence’ art vague 
terms about which there is considerable disagree- 
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ment. Their definitions have been used to encom¬ 
pass under single headings types of behaviour that 
are extremely disparate. It is iftiportanVfor future 
research, public health policy and education that 
psychologists should not use terms like addiction 
and dependence if we cannot say what they mean 
precisely. It is the recommendation of this paper 
that psychologists would do better to consider 
substance use and not substance ‘addiction' or 
substance ‘dependence’. If we know more about 
safe substance use, then optimization of use should 
be possible and we will be in a better position to 
consider the issues of substance abuse in terms of 
the individual and society. 
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(a) Nicotine inhibits fond inlak***, riihor in ncnlc ji»lmiinr:i r;ti inn 
10 "fresh" rats or in chronic nilmininlrnLinn ("iMlorrnil” ) „ 
The threshold value for "fresh" rats was found in hr* tlir* roitm 
as for tltc antidiuretic effect and the action on AflTIl rrli*:inn 
(0. S mg/kg). 

The action of nicotine in the* appetite tost wan iml modified in* 
eserpine administration; the investigation of the effort of 
adrenaline in this test was in agreement with this fact, and led 
Jus to the conclusion that nicotine does not act on fond ini.’ilt* via 
the release of npr-adrcnnlino. Nicotine acted normally on raiq 
.esioned in the satiety centre. 





fN'icotinc stimulate* very rapidly the mobilization of lipidic 
p g Jjdepots: as early as 10 minutes after the administration of the 
drug, the lipids are mobilized and free fatty acids appear in 
blood in greater amounts. The threshold value of nicotine 
activity was found once more to be the same as in the other 
blasts. 


, (c) |Whcn one waits until six hours after tlie administration of 


^nicotine, the free fatty acids present in blood are diminished, 
and their'disappearance is proportional to the do*e of nicotine 
administered. 


This fact shows that nicotine enhances the destruction of.the 
products of lipid mobilization. 

We were therefore in a position to show that nicotine bears a 
three-fold activity against obesity, viz.:- ^ r .,, 

(i) Anti-appetite effect • 3 

(ii> Mobilising effect » /... \ 

(iii) Stimulation of FFA degradation. 



S3RW. 


tmmam. 


.. 
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4. A Possible Activity of Nicotine* on Other Ilypolli:ilnmic Im i neliun.i 
( Thyrotropic regulation and gonndulropic re[ mi]; nio n) 


r , 


Such an activity of nicotine was invcatigalod: it was shown Mint 
it did not influence at all these hypothalamic functions. 

In addition to the above investigations, the main ti;Ua worn 
discirs-sed, and the necessity to pursue a more thorough investigation 
of titc iniiuencc of nicotine in the M otr««* n reaction wan emphasized. 


..J; 


ffitm 


% 





\WiVAV 
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I. INTROiMir-iox 

It is an everyday experience lo each Sinclair linn muniting :i 
cigarette helps mastering the numerous utrcssful ptiinuii r».‘ in-. 

This effect is possibly one of the most powerful ivm -.viiir-i, 

make one smoke. 

$ 

: J 

\ tow does nicotine exert tiii/s action ? TJio nnnn.il 
mecyasms^p against stressful agents is a nearly immediate r-lorv-o of 
thoi*=:5^s®-inones synthesized by the adrenal cortex which act upon the 
eel! aolisms: they are called “corticosteroids" and play the cardinal 

|i defence of the organism against sirens. Their release from, 
gis mediated through a very complicated system involving Ihn 
>n of hypothalamus and pituitary functions. 



b.i..it is well known that the hypothalamus acts upon the pituitary 

function through chemical mediators of polypcplidic nature. 


One of these hypothalamic mediators is called vasopressin and 


beak. 


apL^a^ti -diuretic activities. It is also a stimulator of the pituitary 


cor^j ; p.Qi; ; ^|)pic function, i.e. the stimulation of corticosteroid release by- 


theyidjrfpal cortex. 


fit has been shown by Burn et al. [ 043-135 i J and by Bisset | ^ 

(3) i >• 

and Walker (1957} that nicotine caused a profound antidiumtic effect | 0 

\ tfl 

in man and in rat. 


(1) BUPdST, J., TRUELOVE, C.H. and BURN, I., 1945. The antidiuretic 
action of nicotine, Brit. Med. J. 1_, 403 (1945).- 

(2) BURyf, J. , Antidiuretic effect of nicotine and its implication 
Brit. Med. J. 2, 199 (1951). 

(3) BISSET, G.W., et al., The effect of nicotine, etc., on the secretion 
of the antidiuretic and oxytoxichormones of the rat, Brit. J. 

. Pharmacol. 12,(4), 45 1 (1957). 
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As a working hypothesis wc nsr.ur.-K'd Ihi: uh’:i Unit » -«-»«i t 
help to master the stressful stimuli by way of cnhnnrm : ; ("»■ i':wiliuuin.o 
the normal defence mechanism. 

If this wore true, it would bn easier to uiulnrslmi' 1 r v 

important effect of smoking: it is well knowii Hint r.Lnppini: '*■ .un*.l •• 
an immediate effect on body weight. As body weight is rej-'i! '(■•«) ].y 11 ■ 
hypotlidf«tmQj£pituitary system, our working hypothesis emu If Ik*- 
in ordePto assume the idea‘of an interference of nicotine in the hypm:il;imu 
regulation of. body weight as well as in-the defence against stress. 


nypo 


THt present work was undertaken in order to verify tins v/orltiuj: 
trough investigations of the following points:- 


1 Veri f^^ BMon and more thorough study of the action of nicotine on tin* 

^ rr.fi I1^|nism of diuresis. 

2. Po^firtyl^interfercnce of nicotine in the "stress' 1 mechanism. 

• *■ * 

3, Mo^LiLfCticm ef nicotine on body weight, 

Thihr^effect could be obtained by one or all of the following activities: - 


(a) ^inmbition of appetite 

(b) Stimulation of the mobilization of lipid depots 

(c) Stimulation of the degradation of mobilized lipids. 

4. Whether or not nicotine interferes in other hypothalamo-pituitary 
functions, such as thyrotropic or gonatropic regulation. 



. ..-^sawr-' . hiii—bii v; ■' - : 
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II. action” or nicottn 1 -: ON ti;:: p:-" :»ri-; 

{ANTrmup.-'Trc effect) 


A. Dave loo mo »t of Tolerance tn Nicotine in lint' 


$/e define the terms:- 

'fresh rats" as rats having never received nicoiine 

prior to the experiment; 

^tolerant rats" as rats having developed, after a prolonged 
daily treatment, tolerance to nicotine such 
as they can bear without fatal reaction doses 
that would be lethal to fresh rats; 

»• 

^resistant rats" as rats that do not develop tolerance while 
submitted to a prolonged daily treatment by 
nicotine. Tins state of resistance may last 

^ some weeks, but all the chronically treated 

rats become ''tolerant" after a sufficient 
time (3 to 4 months). 


The investigation of the various effects of nicotine was made 
on these three groups of rat. 
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B. Investigation of the Antidnirrlic Activity of Nicruhv 
on Fresh Rats, Tolerant n.-il.s and Rn.sisr.im Rata 


t. DEMONSTRATION 07 AN ANTIDTURKTIC KFFl.vCT OT ^ICOTi ::;: 

The antidiuretic action of nicotine is well known to many sinnkpr::, 
It is due to the release of the antidiurctic hormone (also called vasopressin? 
as vasoprassive activity at the same time), which is syiitiictixnd 

by thl hypothalamus. 

•••This fact is the basis of our working hypothesis. 

A * - » 

Wie first reproduced this action qualitatively on 10 tolerant and 
5 re4^g-t-a^ rats. with an additional group of 5 controls having never 
recei&e&.rgcotine (fresh rats). 


these rats received 2 mg/kg of nicotine subcutaneously at 


timeLQ, 


The amount of urine released by each rat was measured every 
hou^faj^4^"hours after the injections, and once after 23 hours. 

I 

The results are gathered in Fig. 1. It can be seen that the 
urin» Iral'e^s* is completely stopped from the 2nd to the Bth hour after 
the SSffftibri of nicotine to fresh rats (controls) as well as to resistant 
rats. Tolerant rats, which are less sensitive to nicotine, show,only a 
diminishing production of urine, but no stoppage. 

* Very similar curves were obtained three times, each time 

with a different group of rats. . _ ^ 
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2. LOG-DOS F. RESPONSE TO NICOTINE IN TilM ANTrn;i:|-; -me tki.T 







FI", 2 shows the curve obtained in the qunnuuiuve :uin>:iur<*ij<- 
test, with doses from 0.5 to *1.0 mg/Ug. 

_ M) 

. The quantitation of the tost wns made after Hum m **:iI>'M 1 :• Lin;; 

the time (in minutes) in which 50 % of the cumulative amount of iirm« wn« 

excreta. This length of time is of course augmented by ;<n nnudiurniic 

substance, as can be shown by the response to vnsopressinc, which is 

the ffiHcluretic hormone secreted by the hypothalamus. An approximate 

nicotine activity should be fixed at 0.5 mg/kg. 


C. Action of Nicotine via the Release of Nor-Adrenaline 

Professor J.H. Eurn^? has shown that the action of nicotine 
pheral circulation is due to the release of nor-adrcunline. 
upon the administration of nicotine. 

^JSj|was necessary to chock whether this hypothesis could be 
verijretnt®, the antidiuretic activity of nicotine. 



......... As it is known .that nor-adrenaline is completely discharged 

fronjj, tft« t|ssues by the action of reserpine in 16 hours at the rlasfcs of 


0.5 to TTO^mj/kg , we tried to reproduce the activity of nicotine in 
the inti diuretic test after the administration of reserpine 16 hours 
prior to the test. ; 


(4) BURN, J.H., 103L, Quart. J. Pharm. Pharmacol. _4_, 517. 

(5) 3UP.N, J.H., The action of nicotine on the peripheral circulation. 
Annals N.Y. Acad. Sc. 00 (1), 81-34. 

(5) BEETLE?., A,, Effect of reserpine on the storage of catecholamines 
in brain and other tissues. Acta Physiol. Scar.din. 5 1 (1). 75 -33,136 1 
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(every group received Nico 
line, 2m;/l<{! at time 0) 
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The results arc gathered in Vij'. 3. U ts clefti* Unit nicotine 
has the same action with this pro-treatment limn without it, nml therefore 
that the elimination of the stores of adrenaline in tissues prior to the 
administration of nicotine does not affect its nntidiurelic activities. These 
data do not support the idea of nicotine acting via the release of nor¬ 
adrenaline in this test.' 


r - 

ii 


D. Investigation.of the Influence of Hypothalamus Lcsioninfl 
on the Antidiurciic Effect of Nicotine 





Twenty male rats (body weight 1 88 to 234 g) were operated : 

13; we re lesioned by electro-coagulation in the hypothalamus region that 
stimulates the antidiurelic activity (anterior hypothalamus), 7 were 
H sraur.-operated" # i.e. were operated without electro-coagulation, and 
sej-ye&i ns controls. 

^1:The stereotaxic apparatus necessary to perform such operations 
is;.a::^dlder for the animal and for the electrode with whi<h the electro- 
Ration into the brain is performed. The head of the animal is 



invariably held exactly in the same position. Tho co-ordinates of the 
ext rer^ v of the electrode are calculated in order that they correspond 

tayi|,jiaet point of tha hypothalamus to b« l«iuitGiJ, taking as "point 

zsro the middle of the axis of the cars of the animal. The measurements 
are made on the apparatus by way of a three-dimensional micrometer 
held by it, and to which the electrode is attached. 

• Among the 13 lesiorted animals, 10 survived. They were tested 

at the same time as the sham-operated animals for diuresis and for the 
antidiuretic activity of nicotine, from two to three weeks after the 
operation. 
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Log-dose responoe to nicotine In the, antl- 


Controli* 



0. 5 mj/fcg 
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The measurements of the antidiurctic activity was m.vk* by the 
usual test of Burn,, as described previously. Calculations were done nficr 
270 minutes. The test was performed in two steps, with a onc-wcck interval: 
the first time, half of the animals (sham-operated and lesioned) rooeivori 
saline, the other half receiving' nicotine (4 mg/kg); the second time, the 
groups were reversed. 

p|#§|’ results are gathered in Fig.. 4. This figure shows that nicotine 
does not se^mto stimulate the hypothalamic centre that synthesizes the 


antidii 


^hormone, as it acts normally after lesioning of this centre. 


|^^^|otine could also act in inhibiting some inactivating mechanism 
(or cemrel^f the synthesis of the antidiurctic hormone. 


hON OF NICOTINE ON THE "STRESS. 1 MB CHAN ISM 
- (CORTICOTROPIN-RELEASING EFFECT) 


a demonstration of an influence of nicotine in the normal 
f defence of the organism against stressful agents would 
oe oi lunoamental importance, as is already expressed.in our Intro¬ 
duction. 

As the normal defence against stress is a release of the 
pituitary corticotropic hormone (ACTH), the aim of the investigation 
was to determine whether or not the administration of nicotine 
increases ACTH release. 
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The measurement of ACTII release can be made by several test;? 


W 


(i) 


Determination of the adrenal ascorbic acid: this substance is involved 
in the synthesis of the corticosteroids by the adrenals and disappears 
from the adrenal tissue as the corticosteroids synthesis proceeds. 

An increased. ACTH function is immediately followed by a depletion 
of the ascorbic acid in the adrenals, lasting some hours. This fact 


is 


08 % 


as a test of measurement of ACTII function : it is called the 



renal ascorbic acid depletion 1 ’ (AAAD) test. 


ination of the corticosteroids released by the adrenals. Under 
uence of ACTII, the adrenal tissue releases a larger amount 
costeroids either in blood (in vivo) or in a surviving medium 
0 ). 


1 . 


A', Action of Nicotine In-the AAAD Test 


SE RESPONSi 


p '-Wfth the AAAD tost, the log-dose rufeponte to racuUao ia very 
similar to^that obtained in the antidiuretic test, and the threshold value 
can bl^Hl^ed similarly as being about 0.5 mg/kg. as can bo seen from 


the df$i : gathered in Table 1. 
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Action of Nicotine in the A A AD Tent 


( Adrenal ascorbi c'acid content in mrr/lOO rr rulrcnaln ) 


jk^C.ont rols 

NIcotinc-lrcMcd rats 

(fres^^trs receiving 

(fresh rata receiving nicotine 

•$*linfc only) ■ • 

1 mg/lcg 

in saline) 

2 mg/kg 

4 mg/leg 


293 

193 

102 

EI2 

307 

317 

209 

2C9 

212 

21G 

kmkms 

341 

208 

234 * 

^392 

351 

300 

237 

3 

354 

359 

337 

. 3G7 

240 

26 7 


394 

■ 373 

2G9 


410 

300 

20G 

- 1*^2 

422 

400 

310 


437 

4 14 

340 

'M 

454 

470 

346 

Meu: 410,2 

369. 9 

338, 8 

i • 

264.7 
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2. POSSIBLE ACTION VIA TftE RELEASE OF NOi;-ADRETIALINE 


In a second step of this investigation we wauled to ascertain 


whether nicotine in this test acts in releasing nor-arlrnivUin-i from the 
hypothalamus. Wo therefore reproduced the experiment on "fresh" 
rats Having received reserpine 1G hours prior to the test (sic Chapter I, 
Sectic^SfPwe obtained the date gathered in Table 2. 

| '■v* l 



The action of nicotine seems slightly inliibited after rcserpine 
administration : the difference in the means for the reserpine controls 
and the 4 mg/kg nicotine-treated rats wa6 about 64 mg/100 g adrenals, 
whereas It was about 145 mg/iOO g adrenals when the rats were not 
treated by reserpine prior to the test. 

Nicotine does, however, act on this test after complete nor¬ 
adrenaline release. 
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3, EFFECT OF NICOTINE A FT F.R CHEMICAL. HI .OCKAl ) H OF TIIK 


HYPOTHALAMUS 


(7), 


Briggs and Munson have studied,the influence of morphine 
on ACTH release. They have shown that morphine completely block***! 
ACTH.rl^sc owing to the administration of histamine, and they have 


stated-that*!]his fact was due to a hypothalamus blockade after adininis 


tratior 



rphino. The measurement of ACTII activity was made by 
st. 

• t 

<| wanted to investigate such an effect of morphine prior to 
s^ration of nicotine. 


'he experiment was thus repeated on animals having received 
mbrplane"pfior to nicotine, exactly in the same way as did Briggs and 

MunsonSffthe case of histamine instead of nicotine. 

> 

e data were the following (Table 3h« 



• (7) BEIGGS F.N- and MUNSON P.L., Studies on the mechanism of 
stimulation of ACTH secretion with the aid of morphine as a 
blocking agent. Endocrinology $2 , 205-218 (1055). 
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T n b 1 r 3 




The** data clearly showed that, wliile morphine Riven in these 

*) 

conditions did not alter the normal adrenal ascorbic acid content , 
nicotine depleted this content after morphino administration; contrary 
. to histamine, although this depletion was less prominent with morphine 
* than without this preliminary treatment ( A from nicotine to morphine 


f 


controls • 80 mg/lOD g adrenal). 


i 

i 


i 


*) This fact aj'rees with Bri£*s and Munson's data. 
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I 



To summarize the present situation as regards AC'l'il reluasc 
by nicotine, we may make the following oboervations: - 

,Ci) Nicotine releases ACTU as measured by the AAAD Unit; 
this action shows tho usual threshold, and is definitely 
^opqrtional to nicotine dosage. 



This-«*u cotine activity is slightly inhibited, but not completely 
Ued, by the following treatments:- 

•adrenaline disappearance from tissues After reserpino 
o thalamus blockade by morphine. 


hcrefore seems that the activity of nicotine on ACTI1 
as measured on the AAAD test - which appears quite definite, 
a very complicated process and needs urgently to be more 
nvestigated. 

“SSk an activity could very well explain the fact that nicotine - 
ster stressfull stimuli, the normal reaction against such 
g an enhanced release of ACTE by the pituitary* 

otine thus appears to stimulate this normal reaction to 


stress. 


B. Effect of Nicotine on the Release of Corticosteroids 
From the Adrenals 

* 1 

( o \ 

We chose to follow the test of D, de WIED (1961 for the 
measurement of corticotropin-releasing principles. The assay is made 


(8> WTED D, de. An assay of corticotropin-releasing principles in 
v . hypothalamic lesioned rats. Acta Endocrinologica , 230-297 (196 1). 

i 

! 
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on "rats with lesions in the median eminence of the hypniliMnnuis, 

18 hours after electro-coagulal ion. In vitro iStnroidO{ienc!*is hy rulronnl 


glands is used as a parameter of pituitary-adrenal activity. The hlnckinj; 
effect of the lesion on the release of ACTII in response to slnujs is mea¬ 
sured by the effect of ether anaesthesia oh eorticoirJ production in vitro 
of th%4<eft adrenal, whereas steroidogenesis of the right adrenal is used 
45 ani: re! of the corticotropic effect of corticotropin- i relcnsing'principlos. M 

e measurement of in vitro steroidogenesis is marie following 
nd SCUALLY technique as described by J, Van tier VIES 
xtraction of the steroids from the medium with methylene* 
nd measurement of trio absorption at 240 m p >. ' 

O rement or ry vitro steroioocenesis before and 

A STRESSFUL STIMULUS 



it assay of "pure corticosterone dissolved in methylenechloride 
was fsttriy-reproducible and gayc a good curve (difference between optical 
densities"*! 240 mp and 250 mu’; Beckmann D.U. apparatus), 86.5 to 
105, S'^^ST the quantity of corticosterone added to the medium was recu¬ 
perate 



We then’measured the amount of steroids released in a Krebs- 
Ringer oxygenated medium (Warburg flasks; 37,5°C; gentle sinking for 
two hours) by adrenals removed from intact adult rats anaesthetized 
with ether. 


(9) VIES, J. van'der* Experience with an assay of ACTH based on the 
steroid output of rat adrenals in vitro. 

Acta Physiol. Pharmacol. Neerland. 5_, 361-384 (19S7). 
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The loft adrenal was removal wiliuu om* or 


t■.'/(» inilmlr;; ;ift•:i* 



rat had boon anaesthetized in the animal house; the right c.la-.d w:u; t:tI:c* j i 
out 15 minutes after the removal of the left one; the ;inimni up in 

■the meantime* Two adrenals of one sine were put together into a .tv.-iI’huri; 
flask. 


K < 


io difference between the amount of steroids released by the 



These data confirm that the technique is suitable for measuring 
in vivo ACTH release, as was stated by the authors. 
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2* ACTION 1 OF NICOTINT: 


22 rats were used in two groups (12 control rats nml 10 rats 
treated by 4 mj/k" nicotine). 


Our schedule was the following 




I min. 


anaesthesia of tho rats v/ith Nembutal, 
removal of the left adrenal of every mt, 
followed immediately by injection of saline 
(control group) or nicotine. 

The left adrenals of two rats are put together 
in each Warburg flask, 
removal of the right adrenal of every rat; 
two right adrenals are put together in each 
Warburg flask. 


the flasks are put in a water bath (37,5 C) and (shaken 
for.3#lKrKiilcs. After this time an aliquot of the medium is taken 
out from eypry flask, extracted by methylene chloride, and the cor- 
ticost jjffone 5 is measured in methylene chloride with tho Beckmann D.U. 
appaxftul 




;• . Data are shown in Fig, 5. 

Every point represents the difference between tho corticoste¬ 
roids released by 2 right adrenals and the corticosteroids released by 
the 2 left adrenals of the same rats. 


This figure shows a definite increase in this difference when,, 
the rats are treated by nicotine. This fact clearly indicates that nicotine 
enhances the normal reaction to stress, and is in agreement With the 
results of the AAAD test. 
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xv, action or nicottniv ox r,oi>y-\vi:ic:iiT iikgiu.atujn 


It is well linown that some persons who.sudcicivlly s(-ip smoking 

rapidly gain weight. As smoking docs not seem in imve any ini;wtri:wv:i* 

( 10 ) 

secretions , tue stopping ot u must act in mcrcnnuif! the 
nt could also act in interfering with the lipid metabolism. 

hypothalamus controls the food intake by way of two antn- 

( 11 )% 12 ) 

ss . It i3 possible to make obese hyperph^gic rats 

he centre that normally provokes satiety, Hypothalamus • 
to regulate the lipid mobilization from the body depots, 

urHvorking hypothesis was therefore to suppose an enhancing 
co smoke on the hypothalamic inhibition of appetite, or an 
on o'n the reverse hypothalamic effect. It seems very likely 
n of tobacco smoko would be due to nicotine itself, either 
directly in releasing adrenaline and nor-adrenolii\e from 
•t Was po^iibie ihcrccVei 1 io consider* b stimulation of the 
tion following nicotine administration, by way of an enhance 
hypothalamic function. 



(10) WALKER, J,M,, Physiological effects of smoking, 

Prod. Nutrition Soc. J2 t 157-160, 1053, 

(11) HETK2RINGTON A. V/. and KAN'S ON S, W., Anatom, Fmc. 

73 , 159, 1940. 

.(12) EK03ECK J, R. et al’- Yale J, Biol. Med, J5 , 831, 19<3. 

(13) BURN, J, K,, Brit. Ass, for the adv. of Sc., Cardiff, Oth Sept. 

1960. 

tn 

M 
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Consequently, we wanted to answer experimentally the following 
questions:- • 

- Is nicotine that factor present in tobacco smoke which inhibit:; the 
appetite ? 

- If so, does nicotine act by a direct stimulation of the hypothalamic 
cent^ejtkat diminishes the food intake, or via the action of adrenalin*? 
and per-ad re noli no ? 

. rvi 

• Is t &c.rfe.-ff n influence of nicotine on the lipid metabolism ? 

I 

order to answer these questions, we made the following 
invest Jrss- 

tion of the weight curves of the animals receiving nicotine 
daily, 5 days a week, for the development of tolerance. 


eraent of the food intake in the following groups of ratsi- 

sh rats receiving one injection of nicotine 

2 efam; fats during a rose period, as compared with normal 

fctrols 

Grant rats during the injection period, as compared with 
themselves during the rest period 

4, Normal rats receiving adrenaline and rats pretreated by. * 
reserpine 

5, Lesioned rats. 

C. Possible influence of nicotine on the lipid metabolism. 
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A• Observation of the VAnrrht Cuivos nT.tho Jj a tr: Chrom e >H y 

TroMod by i o«i n-.? 

A typical weight curve is represented in Fig. G (i ni., chrnni- 
cadly treated by nicotine for the development of tolerance}. 

The mean weight increase was calculated separately for 
mal^|A?S§ for females; weighings were made twice a week, on every 
Mor.^a^S^d Thursday,! From these curves we con make the following 

- T^^^Jght increase is greatcr in the control groups than it is in r * 

t havjn^g-^ tine-treated groups; the difference is statistically significant 

aa days; however, this difference between control and treated 

ardatnals is much more significant for males than it is for females 

led probability of error i a ■ 0.43 % for males; 3.67 ft 
* \ * • 


isles 


*) 


- Wl^eTre-vfer there is an interruption of the injections, the treated male 
ahd fertile rats tend to gain weight more rapidly than they do during 
tlfrffQfction period. This fact is first observed on the curves as 

every week-end, and It explains the characteristic pattern 
0 #^%^cotine curves, with alternative periods of rapid weight increase 
(week-end) followed by weight-loss periods. 

Such a pattern is never to be seen on the control curves. . 
Secondly, a similar fact occurred incidentally during an 11-day inter¬ 
ruption (Christmas period). This interruption of the injection led to an 
observable increase of weight in the nicotine group, whereas the controls 
grew very regularly at the same rate as usual. 


*) All the statistical tests employed in this Report are non-pnrametrical, 
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The answer is the prrecningo of ;3n! i'mnl mmUr ;i*’io • * th« 
injections against the food itu.'iUe on Ike tiny hr Tort: iln: inji'i'iinn cal¬ 
culated far each rat. This to;»t lias boon used m «mr laboratory for 
some months, and wo already i:r,ow Lhn; it r.:m rnnn<mil tf* tin* mhninir.* 
tration of hypothalamic extracts. It is therefore a good test for U«* 

of the hypothalamic function iif the control of fund intalcr. 


Hrsuits 




gS.U'fo ATS TR5ATKD CV NT COT IN 15 

group of 32 male rats, habituated to the appetit** test, but 
|ver received nicotine before, was given nicotine (2 mg/kg in 
us.ous injection a; 3 a.m.), The test was marie in two days, 
lay interval between the two test-days. On the first test-day 

Fats received nicotine, the other half being given saline; 

| 

were reversed on the second test-day. The food intake of 
the nicotine-day was then compared to that on the saline- 
percentages were calculated. The results show a etatisti- 
significant diminishing activity of nicotine { a j. l “ 0.001 %). 
The mean food-intake after nicotine for this experiment is 7<.5 %-of th* 
mean food-intake before nicotine. 


The log-dose response in this test was drawn for tli'i usual Jospr 
(1.0 to 4.0 mg/kg). The dose of 0. 5 mg/kg still seems to be the approxi¬ 
mate threshold value (Fig, 7). 


It is therefore absolutely established that nicotine in itself is 
the factor present in tobacco smoke which inhibits appetuc. 
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TOLERANT-HATS DURING A RNS T I'KK’OU 


Twenty-two toicrc.nl rats wore not jjivkii mcotiw; «*i»' fiv* ii.-iy:: 
(Saturday and Sunday, as ummi, plus Monday, Thursday aim I t7*>mn*sd:i v) 
and were tested for appetite on the **Vii nml th** 01<» day uf in*' i -pi*i m>i, 

mean food-intake per rat for Die 2 2 rats inrumi for i wo ilnyrs 
is l.9#^'/hour/l00 g rat (rani's • l.<3 - 2.72). Wo compared H.ua 

Tog n food-intake per r;.i obAi* ivoo for *l(i male ml m of Uio pihk 


with t 

age ar.fi we; 
mean 
1.40 - 
(proba 

iUStSgaod Vats for this experiment is 77.2 */• of that of the control mis. 


it as those of the incou no ^ group. receiving only s.-illiio! This 
take of the control rats is 2. <G g/i\cmr/l00 g rat (rang*' 

The difference between these two croups is highly .cinmfimni 
>f error * 0,03 %). The mean food-intake of the 


S :ran: rats therefore eat significantly less food than do fresh 
aile their organism contains no nicotine at all (f> days aft^r 
tion). 



ittemp: was made at comparing the food intake for mule 
and fo:|^<ymglo tolerant rats during the rent period : under these conditions 
female|£|||s^cat significantly { c t * 3 %) more food than main rats (irman 
food-intake * 2,05 g/h for females instead of 1.70 g/h for males). 


3. TOLERANT RATS DURING THE NICOTlNL-IIsMLCTlO N PEjJOL> 

The same 22 tolerant rats ns those in 2. were tested for fond- 
ir.take during the injection period, the amount of food eaten in one hour 
being measured from 2. 30 to 3.30 hours after a nicolino injnetion of 
2 mg/kg. 
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This test was porfoiT.nul on ivrnlt ln'inr*' ili<\ mi* riupi miu 
period described it; 2, The mcr.ti food-mu; he per i*:u inr-th' 1 i days mi 
the test was 2.03 g/hour/rul (range * 1. *Wi - It.ffO). i/rmi ih-'ra* t * *: *. 11 i i't. 
as compared with those reported oa m 2., j\ Borins lh;n Ui^n* js n<> 
difference between the food intake of nccusi<*mn*cl rats during run in|<>fiipn 
perioc^i^^^uring a rest “period of 5 clays. This fact cions not cpphi in 
corroborate our findings on the weight curves, 


Gog explanation of this discrepancy rnuld bn that mmiinn acts 
againslLwSytht increase not only in inhibiting appetite, but al co m stimu¬ 
lating ^metab olism, i,c. in stimulating utilization and destruction of th<» 
rescrves|(f4t depots, muscle glycogen, etc.). 

Z 7.7VZCT 07 NICOTINE via 21111 HELSASr: o r 
LINE AND XO^-ADRSNALINi; 

Adrenaline and Nor-Adrenaline in the Appetite Test 

We tossed the effect of adrenaline in the appetite tent in exactly the 

sarSii^l^ as we did for nicotine, i.e. by injecting the rat.* at 0 n.m. • 

(1 and measuring the food oaten from 10.30 to 11.30 a, m, . 

Un<^il®$K^ch experimental conditions there was a tendency towards a 

diminished food InU’.te, but this effect was not statistically significant 

(a. >3.1 %>. 
i -t 

Nor-adrenaline, in the same dosages and under the same experiment'! 
conditions, acted very slightly against food-intake, much less markedly 
than did nicotine (probability of error, a ^ * 2,6 %, ini»:m fpod-minlr'* * 
S3.6 % of the control period), 


We then tried to measure a possibly more rapid anorexic action 
of nicotine, adrenaline and nor-adrenaltne : if nicotine acts by way of 
releasing the catecholamines, these latter must act more rapidly than 
does nicotine itself. 
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The one-hour test; - ! j;nvc Iho following lTr.uJii; ; (p) (*n ih,< 
probability of error a with which we may i',x;:i<ri ;« diiio r<*iu‘.- 
the test-period and the control-period; (b) for the m<’nn fnori-jntnlm % 
of the control period in this experiment:- 




1 -t 
<1 % 

.^6,2 x 10 


-0 


aline little or no 

difference at all 


fooiI “ilit r* 1:i* % 
of control period 

G2. 7 
fin. 3 
103. 9 


sc results show that, whereas nicotine and aclrou.itin* nr» 
e one hour after the injection, nor-adrenaline doe* not yet 
ppetitc after this lapse of time. The action of nicotine is a 
for we found a significant increase in appetite after 2.30 
ven, in the tolerant rats, 5 days after the last injection. 

jthe contrary, the action of adrenaline is very fugacious, ** 
it is njpHrnoj-e significant after 2.30 hours. Nor-arlrcualine hn.irs only a 
very tfUjfni Activity after 2,30 hours, and none at all after on** hour. 


An attempt was made at comparing the wctlvities of the three 
products, in calculating in each caso the proportion of rats in which 
appetite would be diminished in a large population (P dim.). The results 
of these calculations are gathered in Table.5. 
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(with a 5 7# two-tnilcd probability of error) 


«vi^p^Tr“*ment of food-intake 2,30 hours after the'injection 
Nipotirt^ 71 7* dim. < 06,5 7* 

Ac^^fne 4G.G % .< P dim. 4 81.5% 

N o*M#enaline 'SO.O % <P dim. < 03. £) % 


Measurement of food-intake one hour after the injection 
Ki pIpMl 63.5 % < P dim. <02,0 7* 

AiJ|j§lSne 70.2% -<P dim. < 00,2 7* 

No Stonaiine 34.7 7* <P dim. v< 70.9 % 


It ^M^do'e9 not seem very likely that the lasting action of 
rUcotin^age^nst food-intake and weight increase could be due to 
the reljj^g^f the catecholamines. Among these, nor-ndronMine 
is only^^p^slightly and slowly active against food-intake. 
Adrens|^|^^ more markedly active, but its action is very 
fugacious and does not last for more than two hours. On the 
contrary, nicotine acts as rapidly as adrenaline, and its action 
lasts much longer than that of adrenaline. 



(b) Action of Nicotine After the Release of Nor-adrcnallnc 
(Reserpine Pre-treatment) 

The dose of 0,5 mg/kg of reserpine was administered to 20 rats 
16 hours prior to the appetite test. Table 6 groups our result* in 
this experiment. 
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Response to Nicotine in tiic Anni.-tilc Y-mt, ]fi Hours A f ter 
Administration of Kegorpinr 



52259 S600 







- 32 - 







In comparing these tint * with tho«c in Ki|;, 7 (tltisc k.O uti'/i;,;) 
it can be seen that there is no diminution of the inhibiting activity of 
nicotine on food-intake when all the stores of nor-adrennline are eliminated 
prior to the administration of nicotine. It does not seem likely, thornfor^, 
that nicotine acts on appetite by way of the release of nor-adrenal in*. 

These agree with our first ones as already mentioned. 


5. A 



CIC EFFECT OF NICOTINE ON LESIONEP RATS 

enty female rats weighing from 1D2 to 242 g were operated.' 
effectively lesioned in the hypothalamic centre that provok»s 
eightwero "sham-operated" in the same region. Eleven of 
rats survived. 

e mean weight curves of the entire two groups of rats are 
g. 3. Among the eleven surviving lesioned rats, eight showed 
ight increase during the first two weeks after the operation 
the pre-operation period. However, this increase in growth 
more than two weeks, and the weight curves became parallel 
r. 


This weight increase was due to a definite enhancement of the 
foodontake, « can.be seen in Fig. 9{a). 

A "crossed test" for the measurement of the effect of nicotine 
on appetite was made on the whole group of rats, 14 and 21 days after 
the operation; the data are gathered in Fig, 9(b). 



This figure shows that nicotine still acts normally after the 


lesion. 


i • 
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It does not s^cm, therefore, Hint offer, live lefiiomnn «f iliu 
hypothalamic centre which provokes satiety interferes with the anti¬ 
appetite activity of nicotine. 

This fact could be explained by an inhibiting effect of nicotine 
on the fi^|d known hypothalamic centre regulating the appetite, that 
cer.tr /tocah activates the food-intake. 


Action of Nicotine on Lipid Metabolism 

id measurements in cpidiriymal fat pad, in liver and in 
ere made on a total of 219 chronically treated male and 
(5 to 25 rats per group). Treatment lasted from two to 
s (2 x 2 mg/kg/day of nicotine, five days a week). Table 7 
esults (means and significance), and allows the following 
to*be made:* 

1. Ni acts as a '‘lipid mobilizer", for it diminishes the amount 

of pots in the epididymal fat pad as well as in the "carcass", 

w fat depots £n liver are augmented. This "lipid mobilizing" 

effect is significant after five months treatment. 



2. This fact confirms our idoa that nicotine not only is active against 
appetite but also contributes to diminishing the formation of fat 
depots. 


3. It is well known that some pituitary hormones are "lipid mobilizere 
and that a centre located in the hypothalamus itself mobilizes fat 
depots; it is possible that nicotine acts on this endocrine system. 


http://legacyJibrary.ucsf.6cfii(^j6§r(W^daQ/y(sdi/w.industrydocuments.ucsf.edu/docs/flxl0001 


Ln 


2259 8604 



Table* 

Chronic Action of Nicotine on U 


nbollsm (tolerant rat?:) 


2 month 


\ Control? Nicotine Controls Nicotine C Ni C Ml 
treated treated 


XI C Ni C Ml C NI C i * 


373 402 

c<> 10% 


8.01 C.17 

c*>10% 


7.21 *7.7.0 6.82 

no 
cliff. 


*o\ s probability of error lor a difference between treated and control animals 
\ loo small number of animals, but tendency to an a**? mental ton . 


5098 6Scc$ 
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As this action seems extremely important botiv from the ssir-nt u it* 
point of view and in the interest of the Tobacco Industry, wi, tried to bm-n 
something more about it. 

(a) The measurement of Hnids lit cnjrnnns ’ wag made on 17 riirnulmltv 
t^ated female rats <2x2 mj/k" per day for 60. days) an-l on 17 
coslP^ls (same ago, same wcifjhO having received saline instead 
Ofe*ni^^ine for the same period and in the same way (sub-cutaneously). 

results (see Table 6) were extremely into resting and showed a 
dyx||Li inhibition of the accumulation of lipid depots, owing to the* 
ch.r.QJ0iC administration of nicotine, under our experimental condition*. 

Table 3 

Carcess Lioids After Two Months , 

(Chroric Nicotine Administration (mg %} 






Controls 

Treated 



4, 74 

, 4. GO 

8.35’ 

4,82 

9.24 

5.00 

9.26 

5, 11 

9.40 

5.42 

9.77 

5,58 

.10.25 

5.73 

10. 2D 

G. 07 

10,20 

C.30 

10.54 

0,46 

11.10 

G.GU 

11.75 

* 7.32 

. 11.90 

7.52 

12.96 

S. 21 

13.35 

0.30 

13. Aft 

8,71 

14.63 

13.11 
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These data, as compare-! with the results obtained Mn-n.iy with n.-ti-! 
treated for the same lapse of ti:.;c of iwo mouth:! (r.f'O *1 'j» r-lo 7 ), 
to show that the action of nicotine is more pronounced in femnlon Hem 
in males. However, we must point out thnt the number of male mun-.i^ 
w^s small (5 only), so that it is possible that tin's diffcrmioe in «»f-niJi • 
ciafiPfas only cue to this fact. 

ion on lipid metabolism could be'very interesting if a imw 
dmini storing nicotine could bo designed. It represents in fm-t, 
effect on the stress reaction, the only two nicotine effect* thni 
claimed as ''beneficial", and it seems that any publicity around 
dget could not avoid being based on such a beneficial activity. 


TlPl a&sa y the activity of nicotine administered by the alternative wnyn 
that will be investigated in the future, wo studied a rapid te6t bas»d 
or. m^above-mentioned effect. 

step cf an "anti-obesity” effect is the "mobilisation" of th» 
liftidssds^ots and the release from them of free fatty acids (FFA) in 


Tfiis sUp takes place very rapidly, and Kerschbnum et M 
shown a lO*minute release of FFA in blood after sm'kiits. 


(IS) 


have 


We investigated tha "regression curve" of nicotine on fresh rats 
(i.e. rats having never received nicotine), at two time -intervals 
after the subcutaneous injection of the usual nicotine doses (1 mg/ku, 
2 mg/kg and 4 rr.g/lcg), i.e. after 10 minutes and after 6 hours. 


(15) KSRSCH3AUM A. # BSLLSTS., DICKSTEltf E.R., and FEINBEJU* , 

Effect of Cigarette Smoking and Nicotine on Serum Free Fatty Acid*. 
Circulation Research II . 631-633, 1961. 
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Fig, 10 groups the results of both experiments. 


These graphs shov/;- 

(i) That nicotine release FFA in 10 minutes, on rats as well ns on tnmi, 
in amounts directly proportional to the dose of ni col »<»<*« TMh 
fFIs a true "mobilizing" effect.. 

s mobilizing effect is followed by an enhancing of the dUnppon 
£ FFA from blood; that is to say, by a'stimulntiou of the 
.tion processes of these free fatty acids. This activity is * 
after six hours, and is proportional to the dose of nicotine, 
knowledge, it had never been shown until now, and it would 
rve a thorough investigation v/ith labelled fatty acid.**. 

>th activities { i and ii) lead to the very marked decrease in 
the a of fat depots in the body that we observed in (a), 

tually, nicotine bears a three-fold activity against obesitys- 

Anti-appetite effect 
•] Mobilizing effect 
™ Stimulation of FFA degradation. 

It follows that nicotine is .a very potont drug - probably the 
most potent from among those available now - against obesity. 



U V 




^ r.i'V> {. • • » »• ■'• ^ l*^**«'i > 

wVv, <\ol’ ‘.-UnA o ,*X % . t f\ i r , 

' ■* • * ini,,', . I 

* # .« a 

v -:r^ <. , . • 

' "i . fUO 

V 'Wa . j * . 
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V. POSSIBLE ACTION'S ON OTMFT: ?!VPOTI;A i .AMOM' 1 HiIT ARY FUTj t;rlc){;r 

A, Thyrotropic function (regulation of the thyroid activity) 

B, Gonadotropic function (regulation of the. sexual activity). 



nvestigation of a Possible Thyrotronin-releasing Activit y 
of Nicotine on Fresh Hate 

thought it necessary to enlarge upon our study of the influmirp 

" f 

in hypothalamus activities, and we first chose to invpfstignip n 
«|ct of nicotine on the release of thyrotropic hormone ( YSH * 
ating hormone). 


ogical experiments have shown that the anterior hypothalami'* 
in the control of the thyrotropin release of the pituitary^*. 

*k conducted in Japan by SIUBU5AWA and his group^* 7 ^ hns 
derr.on$trate|i the existence of a chemical factor contained in hypothalamus 
etracts tr.aj enhances the release of this pituitary hormone. This chemical 
factor fsl?a!|ed "thyrotropin-releasing factor' 1 (TUF), 

V/e therefore tried to determine whether nicotine acts on the 
hypothalamus in stimulating TRF synthesis. 


, (1G) HA.&PJS G,W, ( Neural control of the pituitary gland, 

. Arnold, London, 1955, 

* (17) SKZ3USAWAK. e; al, Endocrinol, Japan G,, 131, 1959. 
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1. PHYSIOLOGICAL tzsts 


Wo used two tests:- 


(a.) A qualitative test that makes it possible to follow the 

function of the thyroid gland when istibmiLtorl to ihr ru-thm 
of the hypophysial thyrotropin, cither direct or vj;\ ihn 
hypothalamic factor. 

A quantitative test that indicates the measurement of thymol 
* activity at a given time and permits a calculation of the thyr»>- 

^ t 

tropin released by the action of any other drug ad ministered, 

h tests arc based or. the measurement of radio-activity pr^nont 
oid gland after the ad minis t ration of I 131 to rats. 

The Qualitative test is based on ih*d'fact*that, after a period 
oping by the thyroid, lasting some hours, the radio-element 
y discharged from the gland, in the form of the thyroid hr»rm«»i*»n 

s possible to follow this discharge by radio-activity countings on 

he animal, at various intervale of time between about 24 bourn 

131 

s after the administration of I . 

The radio-activity of the thyroid measured in this way decree 
exponentially. 

The administration of the pituitary thyrotropic hormone accelerates 
the rate of loss of radio-iodine (i.e. the rate of discharge of the thyroid 
hormones), as was shown first by Karris^ 

The administration of crude hypothalamic extracts reproduce* 

(17) 

exactly the effect of thyrotropin, as has been shown by Sltibusawa » 
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Y/c first verified on our rat:; tl;o data of Harris ami thor.e of 
Shibusawa, ar.d we found a good thyroiropin-svlisiRiiig activity in er»nW< 
hypothalamic eictract (Fig. 11). 

The test is thus capable of detecting on enhanced jsyutiwsi/i nf 
TUF the hypothalamus of our experimental ruts* j 

^Gur^ttempts at investigating a possible cnhancii»r, activity of 
the catecholamines on the release of thyrotropin, as 
he rate of discharge of the thyroid hormones, did not 
le activity of the drugs aesayed on tho rate of release " f 
or.es (Pi". 12 a ar.d b), 

ms, therefore, that the drugs assayed do not enhance 
ease by the pituitary, 

1* 110 best Quantitative test for the measurement of thyro¬ 
tropin ap^ihy^oid functions is, in our opinion, that which was developed 
by QVElteH£K et aU CiS \ Tills test isbased on the fact that the amount 
of radio.IHHwity measured in the thyroid gland about 24 hours after the 
ad minis {Will i of I 13 * to rats reflects the iodine trapping activity of the 
gland. TfSipl^tivity U.e. the amount of radio-activity present in the 
thyroid gland) is much enhanced by the administration of pituitary thyro¬ 
tropin. 



Cverbeelc ct al. have found that the normal thyroid activity can 
be lowered, and therefore the test made more sensitive, in feeding 
iodinated casein to tlie test rats. 

We used this test to investigate more thorouglUy a possible 
action of nicotine and of the catecholamines. 


(1C) 0VEB3EEX G.A. ctal., Acta Endocrinol. K, 285, 1953. 


to 
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Controls 

TSH, 0*6 l.v./rat 
Hypothalamic extract 


h 2 


Injection 


10 


50 ICO i^r) :ic i:.,»r. 
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Cur experimental eo.HliUuiir, wore an i'ollowr.:* 

• Rets of both sexes were fee.' for C days with a diet nuriehutl 

with iodinated casein. They were riven the dru(>* to be assayed (contrnin 
roeeived saline) on day 0 of the special diet. On Uay 0 the animalr. 

0. 25 H /rat, 10# exactly 24 hours after the a<iniim:;lr;iUnn nf 

t&glrlii wore Uillod by ether, and the thyroids wore tnlccn out, 

icjradio'activity was counted direct on tho thyroids imniflcl/nMy 
upon remove^ of tho gland from ti;c body (Well-typo oclntillatioa counter). 

rot checked the response of our rats to thyrotropin (T311) 
hslamic extract, A typical response Is given in Fig, 13. Tho 
5 and 0 .C 0 Int, Units of Toll and of l Y hypothalamic extract 
tically significant. 



Wo then assayed the action of nicollno and of ilia catccholamin** 


The 'results of two experiments arc gathered in Fig. 14, There 
is no suction jf any of tho 3 drugo on iodino trapping. 

CAL, RESULTS 


TSH > controls (a^- 10 > 

Nicotine : little or no difference ( a 2 _ t >> 10 ft), 

E xp ,_ 2 

TSH > controls ( c,, 10 J ) 

v m h 

Nicotine : little or no difference ( a 2m fc >> 10 ft). 

Adrosaline : little or no difference * ( a* not far from 100 ft) • 
Nor-adrenaline : Tendency towards treated > oontroLo.fOj^~ U ft)- 


Ln 

ro 

ro 

cn 

KO 

CO 

cn 

Ln 
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Iodine uptake by the thyroid of rats in the test of OVEllHEEK 
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We may therefore assert that neither nicotine nor ^adrenaline 
.and nor-adrcnaline stimulates the release of TUI' by the hypothalamus. 


B, Investiration of a Possible Effect of Nicotine 
cn Gonadotronic Control 

ssiblo influence of nicotine on the pituitary gonadotropic 
v estimated* 



cactivit 


well known that hypothalamus controls this pituitary activity, 
most probably by way of the discharge of a special factor, which is not 
air e adynSfCT e d, 

( 10 ) 

another point of view, some authors have shown that, 
frustration, nicotine could lead to a diminished gonadotropic 



j£>ur Investigations were performed on male and female rats 
chxonioally ij*c ate d. 

1. GO^^^ ROPIC ACTIVITY IN FEMALE RATS 

Fifteen female rats received 2x2 mg/kg of nicotine per day 
(5 days a week), the treatment beginning while the body weight averaged 
140 % (about two months of age). 


They were assayed for gonadotropic activity from the 10th to 
the 14th week of treatment. The test consisted in determining the' cornified 
cells visible in vaginal smears; the presence of such cells is the signal of 
a normal oestrus, which lasts about one day and reappears every 4-5 days 
in the rat. 


(19) NAKASAWA R., Der Einfluss der chroaischen Nicotinvergiftung auf 
die Funlction der Geschlcchtsorgane der woiblichen Ratten, 

Jap, J- Med, Sc. (Pharmacol.) 5, 109, 1931, 

ittp://legacyJibrary.ucsf.ecfii(^j6§r(W^D(Sil5(scll/w.industrydocuments.ucsf.edu/docs/flxl0001 


52259 3613 



- /, 







http ://legacy.library.ucsf.< 


The index "cornifiod cells per rat per day" was calculated evory 
week during the test period. 


As the Japanese authors had shown, an iniiibition of ovulation by 
nicotine upon the administered dose heir." augmented every week,-we iH«ri 
to rcp^duce this experiment. 


Table 0 groups our results. 




Table 0 


Action of Nicotine on the Female Cvcles . 


3 E. 

Nicotine 

mg/kg/day 

Oestrus index 
(cornifiod cells/ 
rat/day) 

Observations 

Control®!^ 

c 

0.250 

normal cycle 

I Oth 

of trepHent 

4 

0.37Cj 

prolonged oestrus 
(one gonadotropic 

11th • " J 

S-12 

0,320/ 

hormone blocked) 

12th 

12-16 

0. 1S4 

oestrus rarified 
(both gonadotropic 
hormones blocked) 

13 th-14th week 

16 

0, 230 

return to normal 
cycler, 


This table allows the following observations to bo * jade:* 


(a) After a long-lasting administration of large doses of nicotine 
(4 rng/kg/day), the female cycle was disturbed in the sense of a 
prolonged oestrus. This fact means that there was no ovulation, 
probably owing to a blockade in. the release of the gonadotropic 
hormone called "lute inis ing hormone". 
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(b) When the dose of nicotine was continually augmented every week 

. until the enormous dose of 1G mg/i<g/dny was administered, both 
gonadotropic hormones were blocked, and some of the rate showed 
no more oestrus and no cycle at all. 

(c) However, this enormous dose - which, for a woman weighing j * 
60 k&i^buld correspond to about 4S0 cigarettes a day - was not (\ 

Jpieqf, if not augmented once more, to maintain the disturbances 

in ^ 

i ^ 

HOPIC ACTIVITY IN MALE RATS 




e; weights of testes and seminal vesicles of 105 chronically 
ontrol male rats were measured. 

e 10 groups our results; it shows that there is no action 
s of testes (measurement of spermatogenic activity), and 
a tendency towards a diminution of the weights of seminal 
ocrinc activity), which diminution is significant only after 
of treatment. 


<)>w4r>v. ^ /Oil <v«^ t* l s O •' ^ " 

% 

0 OtA-sWo \VvVv\ O 0Cm* 4jU*i $\ ly, c * V « U.’<nJ » 

h 1 J »/ 

^ V 4*^0 \\V Iuaw (. ..V « “• ,fl i*« 'f ( «**“ ti , f '« 1 

t* \ 0 j ■ f ‘ 

[L+. 7\. f h i i * *» ■■. /.mumi.-.'. 

D I *' 4u j | { ** <v ^>vi *vil U *'*'*•< . 




^ tv-v ^Os d 
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Chronic Action of Nicotine on'Gonadotrophic J*Y. •: 



«)c< c probability of error for a difference between treated and control nnlr.ials 



1Z9S 6SZZS 
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VI. DISCUSSION AND , CON Cl .PSIOX3 

On® of the reasons for smoking could he represented by the 
great help that nicotine brings to the mastering of ctrescful situations. 
Of course, there arc other possible reasons, and the main other one 
is perhaps thft which has been studied by Pro*. J.H, Bum * : 

when we wish to concentrate-attention on a problem 11 * 
shown that tills greater capacity to concentrate attention 
ly duo - as well as the vaso-constrictive activity of 
o liberation of nor-adrenaline from hypothalamus that 
ut by nicotine administration, 

nvestigation of various hypothalamic functions in-which 
ms to interfere has shown a discrepancy between the 

icotine of these various-functions, a6 concerns a possible 
drenalinc release, although these responses are very - • 
r threshold values. . * 

rotic effect of nicotine as well as its antiappetite 
ic) effect are not influenced by a. pro treatment of the 
s with reserpine, after the administration of which 
ins no more available nor-adrenaline £h the tissues. 

It seems, therefore, that nicotine docs not act, in both tests,, by 
way of ncr-adrcnaline release from hypothalamus or other tissues. 

2, The stimulation by nicotine of the corticotropic function seems to 
be partly inhibited after the relea-se of aor-adrenaline owing to 
reserpine. 



(20) 3UHN, J.H. i The action of nicotine and the. pleasure of smoking. 
The Advaaccra. of Sri., 17 (70), 494 (1961), 
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Nicotine still acts in this tool after complete nor-adrenaline 
release, but its effect, compared to that of nicotine alone, lo markedly 
less pronounced. 

The aniidiurctlc, the reaction to dress, the regulation of 
appetite^the mobilization and degradation o: lipids are all effects which 
aro me >y the hypothalamus itself. . 


uoreforo wanted to ascertain: - 

not the other main hypothalamic activities (thyrotropic 



<s> Whet 

regu|!TORtnd gonadotropic regulation) arc-.affected by nicotine 
admilBiffl^ioa. A thorough investigation of both activities has shown 
docs not act at all upon thyrotropic regulation, and 

a very slightly, and only so if enormous doeea are .employed, 
tropic regulation. 




r*ot nicotine still interferes in the hypothalamic activities 
^rresponding centres arc destroyed. The hypothalamus i* 
■oups of cells called "nuclei**; some of them have been 
\*t or the other of the numerous hypothalamus activities, 
rd the "centres'* of these activities. There are generally, 
two centres governing one effect : a cumulating centre and an inhibiting 
centre; however, in most cases only tho position of the stimulating 
centre is well known. If nicotine acts on this stimulating centre, it 
mrost act no more when the centre is destroyed. 

This experiment was made in three cases:- 

<i) The centre that synthesizes the antidiurctic hormone was destroyed 
by electro-coagulation; nicotine still acted after this destruction. 
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(ii) The centre that stimulates satiety was destroyed in the same wsi^-; 
rucotine still acted after tliis destruction, 

Uii) Morphine is said to inhibit the centre that stimulates the corticolivi;M< 
function; nicotine acted less markedly, with morpliine administration 
than without it.- 

W* ^ seems, therefore, tliat nicotine does not stimulate the hypo- 
tlialanp^jcAitx*es related to its effect. It is possible that nicotine, being 
an artluc^S drug, boars inhibiting activities • and not stimulating cues - 
on the jan|^<|onistic centres. Unfortunately it is almost impofislblo to study 
tliis hypothesis for the moment, as the exact locations of the inhibiting 
centrei^pe-not clearly known. 


'rom all our data it seems that tho effect of nicotine in the 


*Vtres frac tion 11 is a very prominent and a v-ry complicated one, 

understanding and thorough investigation of this effect 
cccrasipiahs greatest importance : it is by tills very effect tliat nicotine 

acts ajyU^ahquilUc9i* H , 


Geneva, uTit 1962 

JH/OL/CRZ/er - 
Z-397 
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REPORT No 1 


i 






regarding 

PROJECT HIPPO II 




ligate whether or not nicotine acta on brain functions in 
to that of the tranquilizing drugs, it'was necessary to 
rvey of the literature as regards the mode of action of 


In^^^^irst Report we endeavour to summarise the numerous 
investigations'that have been*made on this subject, and the hypotheses 
to which they have led. 


As nicotine seemed to interfere in the hypothalamic reaction to 
stress, we thought it necessary to investigate also in the literature 
whether or'not this hypothalamic function is dependent upon other parts 

of the brain. The summary of data found in the literature about'such a 

regulation is given in the second part of this-Report. 


A final discussion introduces our research programme as esta¬ 
blished in our Proposal. 
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i. modi: of action or tkanquiuztxg drugs 


A. Definitions and pharmacological .activities 


Ir. 105S liimwich ^ defined this new group of drugs in the follow- 


st few years have seen the increasing use of a new group 
ctive for overactive psychotic patients and presenting 
,d important differences from procedures and drugs pre¬ 
yed in the management of individuals with such behavioral 
fact, in order to give an appropriate name to those drugs, 
ary to invent a nomenclature. Many terms, ail emphasia- 
another aspect of the actions of those drugs have been devised, 
frequently used is tranquilizer, indicating a sedative 
feet without enforcement of sleep. Others arc ataraxic, 
qe of mind, and neuroleptic and neuroplegic, indi- 
tior.s in the intensity of nerve function." . .. 

>icf usefulness of the new drugs, which at present lies in 
jychiatry, is being extended into the many medical and sur- 
.cs. It is true that a drug not only changes favorably the 
malfunction of the organ for which it is intended but also acts, perhaps 
to a lesser extent, on the entire body. Either indirectly, by thc.ir in¬ 
fluence on the brain, or by their influence on the peripherarnerves, 
the new drugs c::ert potent effects or. the viscera of the body, including 
the gastrointestinal tract and the cardiorespiratory system and the en¬ 
docrine glands." 



^K.E. Kimv/ich, Science, 127, 59, (195B). 


52259 3629 











Tranquilizers arc snu:::!y tq.pl:oc in psychiatry to schizophrenic, 
hyperactive or psychnneurotic; ,p.A; w-;.la. However, “these drugs also 
exhibit decided usefulness for the members of our so-called normal po¬ 
pulation who arc subjected to into tumbles stress. A businessman with a 
’demanding and unreasonable supervisor or a woman with insufficient 
funds to ^un her home according to her ideal standard can gradually 
build up ^|^^ot;onal impuauc So that perspective is lost, as the darker 
lation is increasingly magnified, until a state of panic may 
• ration to a more objective evaluation of the situation may 
(psychotherapeutic discussions with a physician, and an 
n of trancuilizing drugs is to render the patient more re- 
r kinds of therapy. In fact, at times a psychopharmacolo- 
e essential for a successful psychiatric interview. Ephe- 
rbances - for example, the anxiety and tension aroused by 
urgical operation - can be pleasantly dissipated by a 
a trar.quiiizing agent.” ^ 

►t generally usee neuroleptic drugs are reserpine (alkaloid 
obtained .P.auwolf ia) and chlcrpromazine (synthetic chemical'belong¬ 
ing to th iothiazine group, also called largactil). * / 




B. Mode of Action 


The mode of action of tranquilizers in man is entirely unknown. 
However, animal experimentation has shown that their tranquiliaing ac¬ 
tivity seems to be accompanied by sonic measurable effects 


1. Effects on brain electrical activity. 

* 2. Effects on autonomic functions within the central nervous 

system and on the stores of ncuro-humoral agents in the 
brain, 

3. Interference with the hypothalamic reaction to stressful 
stimuli. 

These data have led to hypotheses that still remain to be proved. 
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}) Effects on brr.in electric::! activity 


The tranquilizers affect the electrical activity of the subcortical 
structures regarded as parts of the anatomical substrate of emotion 
(Fig. 1) t ' ■ ■ 

- The midbrain reticular formation, 

- The hypothalamus, 

- The components of the rhincnccphalon. 



TfaifSkJhrcc brain regions arc connected with each other, and 
all with 5 th e ejertex. They are phylctically very ancient parts of the 
central £3Eaus system and may bo called the "primitive brain". 


brr.in reticular formation was studied by Magoun and his 

-.< 2 > 



ers ’ ’, who showed that this system, together with the 
thalamic projections, "affords the emotional cloak which 
antes some kinds of stimulation of the body" 


stimuli are related to changes in the electro-encephalo- 
f the reticular formation, forming the "alert pattern", 
Afferent from the high-amplitude waves characteristic 
"rest-pattern". Chtorpromazinc blocks the reticular 
on, which no longer shows the alert-pattern. Reserpine, 
on the contrary, stimulates the midbrain reticular formation' 
activity, and produces the alert-pattern. It must be noticed that 
chlorpror.vazinc exerts some anaesthetic properties, while re- 
serpinc does not. The tranquilUing cfiuct of this latter product 
must act on other parts of the brain. 


( 2 ) 


K. V/. Magoun ; The Waiting Brain, C.C. Thomas, 1953. 


j 

! , 
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(b) - The hypothalamus , out of its "ncuro-endocrinc" functions, "or¬ 
ganizes the visceral manifestations which are overactive in dis¬ 
turbed patients’ 1 

Keserpine and chlorpromazine both inhibit electrical activity of 
hypothalamic structures, particularly those of the posterior nu- 
cl^K whi ch regulate the sympathetic nerves of the viscera and 
blfl^ovlssels. : 


(c) “ 




|rt of the brain concerned especially with emotional ex- 
! e and the one least understood is the rhinencoohalon , 
s also called the limbic system or the visceral brain'^ 1 ? 



Q^AiSf rhinenccphalon, called the amygdala, is that • 

pajafcof 'the brain which is most susceptible to reserpine and 
clfili$j|omazine. Tranquilization is associated with amygdaloid 

which can be recorded on electro-enccphalograms. 
A f tejjlSf therapeutic dose of chlorpromazine, a cat remains indif- 
fegnHn front of a mouse placed in its cage,, while convulsive 
waves ire disclosed in the amygdala. 


ts on neuro-humoral agents 


Several groups of workers have shown that the brain stores in 
catecholamines (adrenaline and noradrenaline) as well as in serotonine 
(5-hydroxytryptamine) are depressed soon after the administration of 
reserpine to * rabbit (3 >< 4K5 >< 6 >. 


^ A. Bertler, Acta Physiol. Scandin. , b±, 75 (1961), 

^ P.A. Shore et al, , N. Y. Acad. Sci, , £6, 417 (1957). 

B.B. Brodie et al. . Science, 125 (3261), 1293 (1957), 

^ A. Pletsher; P.A, Shore and B.B. Brodie, J. Pharmacol, 
exp. Therap. t 116, 84(1956). 
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- In the rabbit, the time-curves are very similar for both groups 
of the brain amines (Fig. 2). 

In the rat, they are slightly different; the noradrenaline concent 
tration was found to be depressed by reserpine more rapidly than the 



serotonine concentration 




17) 


T^WS^bressing action of reserpine on thebrain amino stores 
is very ^qnp^asting, and the return to normal concentrations takes 
about orta^^lk. 

ilarity in the depletion of serotonine‘and adrenaline can 
with the similarity of the areas of distribution of these two 



1 agents in the various parts of the brain 
ighost concentration in the hypothalamus 


U> 


They are 


T hese t wo facts very probably are related to similar metabolic 
pathwaysS>serotonine and the catecholamines as well are metabolized 
by the ^^nzyme, monoamine oxidase; the areas of distribution of 
this enzyme~in the brain are also superimposed to those of the catecho¬ 
lamine serotonine. 



line seems to interfere with the organic binding of the ami- 
vts into the brain cells. The latest and more probable hypothesis is that 
of Brodie and his co-workcrs normally serotonine would be bound 
with some constituents of the brain cells in two forms: one labile form, 
and the other one more stable (cytoplasmic granules); the labile bond 
would be broken by reserpine, and the free serotonine would be imme¬ 
diately metabolized by the enzyme monoamine oxidase, always present 


(7) 


N.T. Karki and M. K. Paasoncn, J. Neurochem. , 3, 352 (1959). 


^ E. Costa; G.L. Gessa; C, Hirsch; R. Kuntzman andB.B'. Brodie, 
Ann. N.Y. Acad. Sci., 96, 118 (1962). 
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in the same cells as serotonine itself. The metabolite, 5-hydroxy indole 

acetic acic (5 HIAA), is actually increased in urine alter reserpiue ad- 
(91 

ministration . 

.With this hypothesis In mind, the effects of the drug resurpinc * 
would seem to be duo in part to the depression in the stores of the brain 
amine; 


‘s regards chlorpromazine, its mode of action seems different, 
aithou IT^r^as shown that chlorpromazine is able to depress the body 
stores : of s otonine (mainly in the blood platelets), even more rapidly 
than d< serpine 

ould be the physiological meanings of the depletionofthebrain 
wing the administration of reserpine ? We can only answer 
ment by hypotheses. 



ysiological activities of the brain amines 
ie and his co-workers after Gaddumet think that 

nine is actually a "central neuro-hormone"; they give some 
ce of this hypothesis, although no rigorous proof has-been 
ed so far. 

zi and Hart^ ^ "propose a theory depending upon an equi¬ 
librium between various hormones...." They contrast the sti¬ 
mulating effects of acetyl-choline, a chemical mediator of the 
nerve impulse across the synapse, the junction between two ner- 


^ P.M. Berger, Ann. N.Y. Acad. Sci., Sjh 6B6 ( 1957). 

(10) C. Bartholin! et al., Experientia 11\ 541 (1961). 

A. J. Amin; T.B. B. Crawford and J. K. Gaddura, J. Physiol. 

126 , 59 6 (19 54). 

A. S, Marazzi and E. R. Kart, in Himwich : Tranquilixing drugs (1957) 
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ves, with the inhibiting action of adrenalima". • ♦ "Thuir export- 
mental work also discloses that the depressant influence of sero- 
toninc is more potent thpn that of adrennlinc". ^ 


In other words, the normal behaviour would depend upon an equi¬ 
librium between two groups of "central nuuro-liormoncs" 

^acetyl-choline, the chemical'transmitter of the nervous 
else across the synapse, not only in the parasympathetic 
em, but also within the central nervous system. 

Serotonins and the catecholamines, inhibitors of this some 
ulse. In the original theory of Brodie, the accent is made 
n serotonine only; however, adrenaline and noradrenaline 
ay be as important as scrotonine in this phenomenon. 






^extension of the theory, mental derangement would be cau- 
an imbalance between these various hormones, imbalance 
fwould be improved by the effects of the tranquilizing drugs. 

Policy and his co-workers^ this imbalance'could be 

an error of serotonine metabolism in the brain. This work- 
|pothesis has not received sufficient proof until now but seems 
very promising. 




(b) Theory .regarding the therapeutic effects of tranquilUing drugs 
As an attempt to summarize data concerning the biochemical effects 
of tranqullizing drugs on the brain stores of the neurohormones, we 
can make the following observations 


I (13) D.W. Woolley and B. Shaw, Brit. Med. J. ii, -122 (1950. 

(14> D.W. Woolley and N. K. Campbell, Ann. N.Y, Acad. Sci. 96, 

108 (1962). 

1 ' ' 
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i - Serotoninc as well as the catecholamines are tic pres set) in 
the body after the administration of reserpinu: the lime-curves 
of their disparition from the brain arc quite similar for both _ . 
groups of neurohormoncs. 

ii - Serotoninc and the cnLecholnniinos seem to inhibit the trans¬ 
mission of the nerve impulse in the brain synapse, acetylcholine 
being on the contrary the mediator of tills transmission. 

iii*,- The tranquilizing effects of reserpine could be partly due 
he observed depletion in the inhibiting amines, thus leaving 
thg acetylcholine activity unopposed. Some of the pharmacolo- 
zl effects observed after the administration of reserpine are 
ually signs of acetylcholine activity. 

From another point of view, the depletion of the amines 
ram the body stores deprives the Organism of part of the me- ■ 
nism of reactivity, thus decreasing the manifestations of 
iety and tension. 




ij Interference with the hypothalamo-pitultary-adr 2 r.ai axis 



pine and chlorpromazine, like other drugs acting ns depres¬ 
sants P^iinervous system (morphine, barbiturates), tend to prevent 
the extra-release of ACTH following stressful stimuli Sayers et al. 

(cited in 15) think that several of these drugs repress the reticular acti¬ 
vating system and thus prevent stimuli that release the CHF from reach¬ 
ing the hypothalamus (see part II). 


(15) 


R. Gaunt et al. , Science 133, 613 (1961), 
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However, Broriic (cited in 15) found that only long-conUmiud re- 
serpine treatment loads to greatly reduced levels of pituitary ACTII, • • 
and considers any apparent inhibition of secretion to hc'rnllier a in;.in¬ 
festation of exhaustion. 



other data seem to agree with this view: Khascnn ct 
an acute treatment by reserpine produced an activation of 
Adrenal system (adrenal hypertrophy, ascorbic acid do- 
reasc in adrenal corticosteroids). Those modifications 
r observed after a prolonged treatment. 

et al. have shown that corticosterone concentra- 
is greatly increased two hours after one injection of re- 
is increase lasts some 14 hours, and the normal level is 
iivcd after 24 hours. Reserpine acts no more after hypophy- 

olonged treatment (10 days) .increases the corticosterone 

- {1B1 

only with very high doses. Cuillemin found no activi- 

eatments lasting four days or more. Serotonine itself, 

sod from its stores by reserpine, acts as a “corticotro- 

, and this effect is mediated via the hypothalamus^ for it 


e observed after lesioning of the “corticotropin-centres 


„(1D) 


*i seems that tranquilization may be due in part to an inter¬ 

ference with the hypothalamo-pituitary-adrenal axis. For a unique dose 
the drug may enhance the CRF ^ release by the hypothalamus. If the 


N. Khazan et al, , Proc. Soc. exp. Biol. Med. 1 Oft 570 (1961). 

R. Montanari and M.A. Stockham, J. Endocr. 24_, XX ( 19 62), 

(IB) 

R. Cuillemin, in "Brain mechanism^ and 'drug action”, p. 99,(1957), 
P.G. Smelik and P. de Wied, Experientia M/ 17 U9S8). 

^ CRF • corticotropin-releasing-factor,, secreted 
by the hypothalamus. 
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treatment is very long-lasting, it may produce an cxhnusti'Mi oT the ju'u* 
duction of the .pituitary corlxcoiropic hormone, witich exhaustion is so’ ' 
pronounced as to prevent the extra-release following a stressful stimulus 

.It is possible that this manifestation of rcsorpinu activity may be 
mediated through depletion of serotonine stores in the colls. 



ENCES OF OTHER PARTS OF THE BRAIN UPON 


POT HAL AM US IN THE CORTICOTROPIN- 


REGULATION MECHANISM 


•imitive brain" that is specially affected by the tranquiliz.* 
ms to be also related to the corticotropin-regulation rac¬ 



ing dru 
chanisr 


A. Midbraj 


has shown that transection of the brain stem at the 
midbrain level induced in dogs a nearly total suppression of the cortico¬ 
tropin effect normally following stressful stimuli, as measured by the 
excretion of urinary steroids. The "midbrain dogs" showed no increase 
in the urinary steroids after a series of severe stresses (mainly painful 
ones), contrary to the case of normal dogs, although neither the pitui- 
taries nor the hypothalami of the operated dogs showed any lesions. This 
observation indicates that the midbrain plays a vital r6le in mediating 
corticotropin release. 


E. Anderson et al. t Rec, Progr. in Hormone Res. 13, 21-59 (1957) 
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It seems that the disturbances in the endocrine reaction to slru.sx 
arc due to interruption of those ascendin'* fibres terminating in the n;u.u 
brain reticular formation which arc known to conduct pa*n impulses to 
subthalamic and thalamic nuclei. It is possible that imposes propagated 
.by them may reach the hypothalamus through multi-synaptic pathways. 


It^Js known that midbrain nuclei innervate the hypothalamus. These 
nuclei a^&ailiiivays severed while transecting the midbrain. 

fojservation to be made after Anderson's experiments is that 
the les: jerformed in the midbrain destroyed a neural mechanism 

that ha ^capacity of activating the hypothalamus-pituitary system 

(211 

'has similarly shown a decrease in the corticotropin 
a stress,, when spinal cord was sectioned. His experiments 
w the localization of an ascending 6pinal pathway mediating 
reaction to stress, situated in a region rostral to the pons 



B« *Hinpcr bj jain level 

the first to show a functional relationship between 
the hyppM^I|mus and higher brain levels. He thinks that hypothalamus 
is activated by a direct nervous way. 


His experiments (administration of adrenaline, which produces 
a "stress-reaction 11 , electrical stimulation or lesions) have shown va¬ 
rious such relationships (Fig. 3). 


* (2 1 ) 
( 22 ) 


E.S. Redgate, Proc. Soc. exp. Biol, Med. 105 , 526 (1960). 

id. , Endocrinol. 70, 263 (1962). 

R.W. Porter, Rec. Progr. in Hormone Hes, 10, 1*27 (1954). 



i 
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Schematic representation of nervous and endocrine 
control of reaction to stressful stimuli 
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(a) Some parts of the cerebral cortex {mainly the Milorinr ciu^nhii** 
Cyrus ar.d the orbital surface of the frontal lobe) exert vxr.Uiiiiiry 
. influences on the hypolhalamo-corticotrnpin stimufaling finu-imii. 


(b) Inhibitory influences were exerted by stimulation of the liippoc.am • 
pal region .mainly by the uncus. 

rimary results were extended by other authors : 
d facilitating of corticotropin release following amygdaloid 
monkeys. 

SlgsWb and Hyde ^4){25){26) have demonstrated in cats the exis¬ 
tence offinnipitory influences on adrenal corticosteroids excretion, by 
stimulaiTo|f^ various structures of tho limbic system (rhincnccphalnn). 



T^aimmarize these very important investigations, wo can make 
^fvePV oil JiPliffj^obser vat ions on the influences of other parts of the brain 
upon theQ^PHthalamic function in the response to stressful stimuli 

i ?jTen/ous influences arc of fundamental importance. They seem 
to :de and to condition the neuro-humoral release of CKF by 

t r Jthalsmus. 



existence of an activating neural mechanism located in 
the midbrain has been clearly demonstrated; another one was 
found in some cortical areas. 


(23) J. W. Mason, Am. ji Physiol. 196, 44 (1959), 

M. A. Slusher and .J, E. Hyde, Federation Proc, 19^, 292 (I960). 

. Endocrin. SB/773 (1961). 

# id, 69, 10B0 (1961), 


(25) 

(26) 


id. 

id. 


id. 

id. 
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•iii - Inhibitory and facllitutory influences as well can be dcinons- 
trated in the limbic system (also called rliinciicephalun) w>iic)> is. 
related to emotional behaviour. 

iv - The stimulating structures must be functionally intact in or¬ 
der to allow a normal endocrine reaction to stress. 







DISCUSSION 


£ ith a disturbing situation - whnteverits cause may be - 
reacts in a very primitive way, entirely independent of 
reaction is produced by two-kinds of phenomena: first, 
the of the neuro-vegetative system; second, the stimula¬ 

tion* of ttea ky pothalamo-pituitary s ndrenal endocrine system. 


P alarm-reaction", which can be called "non-specific" for it 
tit of the nature of the Stressful dtituUluS tc? Which it i ! S8- 
ponds,preparation of our organisni to escape the disturbing cause. 
Such a^^^ion bears many unpleasant manifestations : acceleration of 
the pulse, shivering, etc., which are signB of the neuro-vegetative hy¬ 


per-activity. 

The endocrine part of the reaction supplies to the cells the com¬ 
pounds necessitated in greater amounts by their enhanced activity. This 
is not entirely beneficial however; if repeated very frequently and for 
a long period, the development of pathological manifestations like athe¬ 
rosclerosis, or even some kinds of cancer, could be enhanced. 

What are the effects of pharmacological tranquilization ? The new' 
drugs mainly inhibit the neuro-vegetative part of the alarm-reaction, thus 
alienating its unpleasant manifestations. 
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They seem to facilitate at least for a unique administration mi iln.». 
contrary the endocrine part of thw alarm reaction, i.c. the stimulation 
of the hypothalamo-pituitary-adrenal axis. However, a prolonged treat¬ 
ment shows no more facilitating effect, and even exhaustion can appear. 


Is it possible to perceive any similarities between these effects of 
the new g^rugs called "tranquilizers" and the feeling of comfort experien¬ 
ced by ayn^er ? 

S»“ “'fcs 

these similarities appear at first sight and are certainly 
udying 

tine, like reserpino itself, roleases noradrenaline from 

tores; it seems also to release serotonin© stores from 

. (27) 
rain 



administration of one dose of nicotine enhances the hyper- 
uction'of corticosteroids in the adrenal consecutive to a 
ss, as does reserpine itself. 

Itfei&pfdeirtainly of great importance to study correctively and as . 
a functijag ragtf ime the effects of both nicotine and reserpine on the con- 
cantratianlimbrain and in blood of the three groups of substances:- 




(a) adrenaline and noradrenaline (catecholamines), 

(b) serotonins, 

(c) corticosteroids or corticotropin. 


H.C. Bolt and B. Mehlis, Die Natur Wissensch. ^8, 602 (19-61). 

f * 

I 
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RESEARCH programme 




The research programme established in our Proposal will ha 
followed. 


tonine 


escalations of the new determinations to be performed (sero 
techolamincs) are in progress. 





Geneva, 6 June 1962 
OL/jt Z-397 
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SUMMARY AND DISCUSSION 


of the whole research "HIPPO" was to imdcrstmnl 
es of nicotine - those activities that could explain wic¬ 
kers are so fond of their habit. It was also our purpon» 
ese effects with those of the new drugs c«U»<l "tranquil 


Users", which might supersede tobacco habits in the near future. W* 
studied mainly the drug called reserpine, 

^ W^y does one smoke? It is certainly not hoenuse of niciuine’fl 
cardio-vascular activities, which arc ao well-known in pharmacolo¬ 
gists, The reasons'/or the'^pleasure of smoking" must he found pnril.y 
In the relief of anxiety that cigarette smoking bring* *o c«nrH»«t1y. 
and in such a very short time. 

This sedative - or soothing - effect of cigarette smoking and 
of nicotine is however very different from the "tranquillizing" effect 
as it was defined by pharmacologists after the discovery of the 
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XlauwoUia alkaloids. TranquilUr. crn m*r hijdily olfcrtivr m ilm mntinf;*' 
meat of ovcractivc psychotic paticuln ami, no :mrji, m i* i:<* 1 y i» •"»*--> »•» 

psychiatry; nicotine is certainly devoid of such effect/'. 

However, as the new drugs arc used increasinijly l»y"ilm n 

of our s ^-called normal population who are subjected to (nt'O^r »M« 

r First Report on llll’i'O II, p. fl), limy inij’iii, l»nm thin 
supersede tobacco hniuts. 

stigation definitely shows that both ltiinln of driiyn art 
y # and that nicotine may be considered fits carrlin- 
b not facing contemplated liorc) as more "lmnefirinl” * 

- than the new tranquillizers, from some v#ry important 



ailed ’'beneficial" effects of nicotine *re of two kindns 
clng effect on the.pituitary-adrenal reppons* to srr*«"S 
ation of body weight. 

TlflW^ffects do not accm to be shared by reserplm*, which n« 
the contril|f^lhows undesirable side-actions that are not given by nico¬ 
tine, i. <fP^iis|arly complete blockade of gonadic and thyroid ar.ifvili**, 
reflecting most probably a general blockade of the hypolhal*ino-plt»it- 
as*y systom, which normally controls all the endocrine activities. 


1. Enhancing Effect of Nicotine on the Pituitary-Adren al Response 
to Stress 


* * The normal reaction of an organism to a stressful situation - 

either psychological or physiological in nature * is a stimulation of 
the pituitary-adrenal function (adrcno-cortlcotrophlc hormone or Ad'll), 
which in turn is stimulated by the so-called "Corticotrophin releasing 
factor" (CRF) or the hypothalamus. 
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We observed, by the line of two mnin \*<nxn, a mnriinl juimnliii 
ion of this natural response to strops, when r;ii« won: .mihnulU**! in 
nicotine administration, citiier in acute* or in prolonged treatment. 
In our opinion this action could bo one of the explanation* of ih» 
"pleasure of smoking". 


» 2. Bod; [ht Regulation 

feet seems to be* a very important point for tobacco 
s: nicotine is actually.one of the most potent drugs 

•» 

*y* 

esented ir. our Final Report on HIPl'O I showed definitely 
ine bears a three-fold activity-against obesity: 



its anti-appetite effect, 

mobilizing the lipid depots and releasing free fatty acid 
blood, 

er this mobilization, in enhancing the disappearance 
m blood of these same fatty acids, possibly by stimuli- 
their degradation. 

It thus seems that the pleasure of smoking is actually'siipportrd 
by physiological effects of nicotine that can be considered an beneficial 
$for the organism. Most probably, such beneficial effects nre both du* 
to stimulation of adreno-corticotrophin production by the pituitary. 
Actually, this hormone exerts, by itself, the physiological control of 
- fat mobilization and of food ir.tako as well as of the reaction to atrnp*. 

The diagrammatic representation on page 5 is an endeavour to 
summarize our data. 
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It emphasizes the specificity of the ofiVets of nicotine mi h.Yp>iiii:ti*i 
mic /unctions, facing the absence of npocifieity of rrscrjini.' rfh-rt 
(blockade of all pituitary Activities). Nicotine stimulates M»«* rct»'»;:.- *»f 
vasoprassino, oxytocin© and CR1 7 , .without showing any offiM-.t o»t U»»* 
other hypothalamic faetprs affecting various ,viLn*piunrnry funrtimi-t. 

Inc, oxytocinc and ClvF scum to be nynlhcHizcd in vnj-y 
f the hypothalamus. From another point of view, it is 
soprbssinc and CUF arc related in function or in molc- 
, It would appear that nicotine act* specifically on this 
ypothalarr.us, 

sidarations raise a very important question: 

the reason for this specificity? Is it that nicotine sets 
a the release of some biochemical product from the 


OurfifH**&pts to explain nicotine activities on brain functions on 
a biocherxucaTlsaois was r.oi successful. Our working.hypothesis wa* 
to study v|£SIillirr nicotine interferes In.the brain stores of nerotonin . 
an amino is considered to be concerned with nervous impulses 

in brain. ell known, on the one hand, that nicotine deplete* U»* 

stores of catecholamines * other .brain ncut*otriut,sm»Uors -’nud, on 
the other hand, that reserpine depletes the brain stores of both groups 
of amines (catecholamines and serotonin ). One of the hypotheses tend¬ 
ing to explain reserpine effects on brain functions lies in this depleting 
activity. As ar. analogy, we thought it possible that nicotine mijjht alr.n 
act in a similar way. In our experiments, using a selective method for 
the measurement of serotonin in brain, nicotine did not act in this wny. 
The possibility remains that other brain constituents could meditate th» 
CRF stimulation. 



A quantitative investigation of the relations with time of nicotine - 
and of some possible brair. mediators - on adreno-corticotrophic activity 
could give us the key to the explanation of both phenomena of tolerance 
and of addiction, in showing; the symptoms of withdrawal. 

http ://legacy.library.ucsf.ediS'tid/ipfOMap§/p#A/w.industrydocuments.ucsf.edu/docs/flxl0001 


52259 3653 





ttp://legacyJibrary.ucsf.ed8di£l%c(R^ffi)/|WiK/w.industrydocuments. ucsf.edu/docs/flxl0001 


8654 



















- c - 





I. INTRODUCTION 

Jean Nicot, ir.his report to his Queen, Catherine de Medici, 
declared that smoking led to "a quiet tranquillity and great submi^iv«« 
ness orldisoosition" (1). 

dative - or soothing - cifact was a prerogative of tobacco 
enturits and may explain in part its extraordinary popu- 

« - » 
the recent discovery of othar ‘’soothing’ 1 or ”tran- 

gs, like resarpine, a natural alkaloid from Kauwolfia, 
ts to synthesize a number of such drugs, the demand 
Cfeases every day. Is it possible that the use of "tran- 
g'nt supersede tobacco habits? To face this possibility, 
ssary to understand more about the physiological acti* 
ne and of reserpine that can be related to their soothing 


fficulty of the research lies in the fact that nobody knows 
how lucpipP^cts on brain functions to produce its soothing effect; 
and RobpSl^tafows either in which way the new drugs exert their tran¬ 
quillizing effects. It was necessary, them, to work on t ie basis of a 
hypothosis. 

0' Oiir working hypothesis on the soothing cffocts of nicotine - en¬ 

hancement of the normal hypothalamo-pituitary mechanism of defence 
against stress * was developed in tho first step of this research (HIPi'O f> 
and led us to study the other possible actions of nicotine on the hypotha- 
lamo-pituitary system. 



Cl) Cited in P.S. Larson, K.B. Haag and H. Silvette: Tobacco • 
Williams a j\d Willdns, Baltimore (1961). 
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A literature survey (sec cur l'irst Report on JUPi'O ID showed 
that the most generally accepted hypothesis concerning reserpine a* 
a tranquilliser involves its depleting effect on the stores of neurolm- 
moral agents in tho brain, mainly or* serotonin stores. It seem* very 
probable that nicotine exerts its own effect on hypothalamus by wny of 
a prisaary^^|on on the biochemistry of brain which might ho cIonk to 
that of xltserpino itself. 

other point of view, some experimental data showed 
may interfere with the hypothalamic functions. 

It xus necessary to compare the effects of fc- th nicotine 

and re si on their respective targets: 


onxparison of the effocts of nicotine and of reserpine on 
hypotha 1 amo-pituitary system; 

parison of the effects of nicotine and of reserpine on 
n serotonin stores. 

ostfgatioa was the object of tho second step of {ft* re* 

0 li). 



teiirch 
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* n * comparison or rnr: 
R£SSRj*iy£ ON THE IIYi'CT 


*ECTS OF NICOTINiS A ND OF 
A LAM O-i'ITU IT ARY SYSTEM 


In this part of our Report, w« Khali compare the uxpr-rir.ionlal 
results obtained for nicotine in research Hli'i'O I g ) with invcr,tij>ni- 
ions of ayg|lli|r effects of rcsorpine, the $4 latter data having been 
gatheretjin <4° literature or resulted from our own experiments. 


tie .cf:oct 

-diuretic effect of nicotine is very well known and was 

rO I (op. 0 - 12). Reserpino did not show any anti- 

tivity in Burn’s test at the doses of 0. 25, 0.50 and 1.0 uij; 

♦ ' 
Lble to investigate the possible effects of higher dosea, 

mals having presented intestinal troubles interfering 

We never observed such troubles fn "animals receiving 

; in Urge doses. 


Nicotine and of Re's c mine on the “Stress 11 Mechanism 
Adreno-cortical Function 



Three kinds of tests are available to study tho adreno-cortical 
function and its reaction to stressful stimuli? 


1, Adrenal ascorbic acid depletion test, based on the fact that 
the adrenal ascorbic acid concentration is depleted when 
the glands are stimulated, either by the pituitary adreno- 
corticotrophic hormone (ACTK) or in reaction to stressful 
stimuli. 



■ *) 


T or the detailed results obtained with nicotine, please see our 
Final Report on Project KIr.rO £. 
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2, Measurement of in vitro release of corticosteroids by i)»c 
adrenals. 

2, Measurement of in vivo concentration of plasma cortico¬ 
steroids in treated animals. 

three tests were used in our experiments, to study the* 
of riot liill the adreno-cortical function. 


corbie Acid Depletion Test. 



ults (please see Pinal he port on IIIP^O I, op. 13 - ifl) .. f 
ell with those found in the literature and show that nicotine 
arkod depletion in the ascorbic acid concentration, that 
mutation of the adreno-cortical function, Maren (2) found 
imilar to Ours and verified that nicotine does not act after 
my; its effect is therefore mediated via the pituitary. 

er.t of in Vitro Release of Corticosteroids by the Adrenals 

fr.centration of corticosteroids released by the adrenals 
anoints|^g§§S^t vitro for one hour is a function of the steroidogenesis in 
the ^ me sacrifice of the animals, and therefore a para¬ 

meter of pituitary adrenal activity. 

The measurement of in vitro steroidogenesis was made following 
Saffran and Schally’s technique as described by J. van dor Vie3 (3). 


(2) T.K. Maren, Pharmacology of nicotine: :^iti pyre tic, renal and' 
adrcmo-corticotrophic effects.?. Si 2.5. M. 77 , 621 (1951). 

(3) J, van der Vies, Experience with an assay of ACTK based on 

the steroid output of rat adrenals, in vitro. Acta Physiol, -r'harmacoh 
Neerland, 5, 361 - 384 (1957). ' • 


i 

hltto: 
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Method . The* method v/as followed exactly as described by 
J. van dcr Vies: 

^o:forrr.n nee of the Tortt 

From stock 'solutions, using analytical reagents and water, 

>ublc-distilled in an all-glass apparatus, the following volume p 
red: 



sodium chloride 

200 ml 

potassium chloride 

S ml 

calcium chloride 

C ml 

rr.onopotassium phosphate 

2 ml 

magnesium sulphate 

2 ml 

water up to ■ 

5*15 ml 





The calcium chloride should be added after the mixture 
of the other constituents has been diluted to approximate¬ 
ly 5C0 ml with distilled water. A precipitate may other¬ 
wise occur which makes tho solution unsuitable. 


fixture, indicated hereafter as "double Ringer", is usually 
refrigerator for a fortnight. As soon as the solution de- 
:erio 4 ^ 5 jdhy the’ appearance of moulds or a precipitate, it should bn 
discarded. The same holds for the stock solutions which are also kept 
in the refrigerator. 

Shortly before use, the final medium is prepared as follows: 

t " * * 

To 2? mi of double Ringer is added: 

13 ml of 1 % glucose in water (freshly prepared each day) 

14.5 ml of water 

10.5 ml of 1.30 % R'aKCO, which has been gassed with carbon 

dioxide at room-temperature for one hour. The p«» °f 
this solution should be 7.4. 
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The final Rir.ger solution is gassed with a mixture of 05 */» 0, z 


and 5 % CO n for 10 rr.imr.cs. 


• Sight young male rats arts used for each assay, / though rats 
having body weights of 105 * SCO g may bo usee, the weight of the r 
for a single test should bo within a range of about 20 

fmiinals are anaesthesiasd in the animal house by an intrn- 
^alfjction of 5 mg Nembutal per 100 g bodyweigiu. The 
is a commercial preparation (Abbott Laboratories, 

Is dissolved in saline to the appropriate concentration 
use, 

ch arc disturbed, either by weighing or by injection, - 
sed. It proved essential for the handling of tho rats 
esia developed to bo done solely by the people normally 
animal house, 

ir ywr&ty are brought into tho laboratory when anaesthesia is 
complet^^vXhp adrenals arc removed from each rat and put into a 
petri dia^Un^d with moistened filter-paper, after which the glands 
are frvUV adhering tissue by means of a small lancet, taldng euro 

that the ^adrenals.arc not damaged. Each adrehal is carefully cut into 
quarto rswLmfine 4 sharp scissors* The quartering should be as ever* 
as possible; after some practice, eight nearly equal quartern can be 
cut from a pair of adrenals. The quarters arc then placed into eight 
numbered sectors of a filter-paper circle, moistened with modium • 
and kept in a. petri dish. The adrenals of tho eight rats are thus 
cleaned, quartered and distributed into eight lots in the petri dish, 
each sector containing eight quarters of adrenals from all eight rats. 
The adrenal quarters in each sector are weighed on a micro-torsion 
balance (maximum capacity 50 mg) and then placed in Warburg flasks 
containing 1.5 ml of medium. 
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ant 1 shaken in the bath at 3 b C 


with - mixture of 5 i* CO., - 05 V- O,, a 
for or.a hour and a half. 


The flasks ore removed from tha bath at the end of the incub.•linn 
period. Aliquots of the medium. of one ml,each arc transferrer! from 
each fl#skto 4 tuba3 containing 2 iv.l of methylene chloride. The lubus 
arc the stoppered and manually shakun for one minute. The cun • 

tents g«ncrdMy. emulsify. The stoppered tubes are centrifuged at about 
2 000 rylad to separate the two phases. A part of the lower phase is 
transfe^gey^ith a long needle and syringe to a quarts micro cuvette, 
and rea^^^^are taken a: 2*10 and 255 mu in a Beckman model t>,U. ■ » 
ultra-v^ay^pectrophctcme ter, The blank cuvette contains pure methy- 

e i chiorLiff. The individual absorption of each cuvette, filled with 

c xn'|gjgylcnc chloride, is determined before each series of reading, 
^^ferepihin. absorption between the cuvettes are taken into account 
when tl^pn^fncts arc read. The lamp housing of the spectrophotometer 
must be ^^ ed to avoid evaporation of the solvent. During the readings, 
the rubiRrmwiitir.g attention must be kept stoppered. . , . 


r^&^&fratior. of Methvler.o Chloride 

S .ger.i grade methylene chloride is washed with an equal 
of water, dried v/ith anhydrous sodium, sulphate and de¬ 
colourised with charcoal. The Solvent is kept over sodium 
hydroxide flasks for about 2-1 hours and is than distilled; the 
fraction boiling between 40° and <il°C is collected. 

The assay of pure corticosterone was fairly reproducible and 
gave a good curve (difference between optical densities at 240 m \x 
and 25 0 aji ; Beckman D.U. apparatus). Of the quantity of corti¬ 
costerone added to the medium, 35.5 7j to 105.6 was recuperated. 
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Results 

This cicthed was used in two ccve-u: 

(a) la tolerant rats and their controls; the adrenal weigh: an«i 

the corticosteroid release*.by the glands may give inform;* ti<m 
on a possible crflacl ef p release H nicotine treatment or, the 
^.ypothalamo-pituitary adrcr.ul vyvteua. 

hP*^n fresh rate submitted to a surgical stress and receiving 
cute nicotine administration. 


arc "elitered in Table i\ 

foln thevc results we car. make the following observations: 



Prolonged treatment by nicotine giving way to tlie develop- 
snert! of tolerance increases thu weight of the adrenals} 
this* adrenal hypertrophy is a sign of corticotrophin hyper¬ 
activity. * .. 

The total amount of cor'.iecsteroids released in 1 V2 h by 
or.o adrenal is increased in tolerant rats vs their saline 
controls. This same amour.:, calculated per ICG g body 
weight, is also increased, white the calculation per 100-mj 
. adrenal docs not show any significant dificrer.cc between ■ 
the two group* of animals. Tills fact indicator that tho tot.nl 
there asc in corticostareidprodvetloa la due to adronal 
hypertrophy, ar.d not’ to an increased production by every 
coll in tho adrenal. 

(iii) It thus seems that total corticosteroid production is actually 
increased in tolerant rats. 
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Effect of Prolong ed Nicotin e Treatment on t h e Adr cno-corUcal F unction 


If 1 

1 T1 

F iJlip 1 

7 "%/ 

Adrenal weight 

■jj jg: i 

L J 1 1 


\„ -A JH 


# 






mg/ 100 g hotly weight 

Y/adrenal 

Y/100 mg ad rent* l 

Y/100 g ho 


Saline 

controls 

Tolerant 

ruts 

Saline 

controls 

Tolerant 
rat s 

Saline 

controls 

Tolerant 

ruts 

Saline . 
controls 

Tolerant 

rats 

10.9 

11.8 

2.75 

3.75 

12.3 

13.9 

I.CD 

2.24 

11.1 

13.4 

3.75 

4.00 

14.3 

17.3 

1.94 

2.33 

' 12. 3. 

14.0 

3.90 

5.00 

17. e 

19.2 

2.21 

3.00 

12.4 

14.G 

4.25 

5.15 

19.B 

19.2 

2.34 

3.11 

12.6 

14.8 

4.25 

5.35 

20.8 

20.0 

2.37 ' 

3.12 

13.2 

14.9 

-4.35 

5.95 

20.8 

20. C 

2.53 

3.18 

13.2 

15.1 . 

5.00 

G. 10 

20.9 

21.3 

2.59 

3.31 

13.C 

ID.2 

5. 15 

G. 15 

21.2 

23.3 

2. G ! 

3.37 

16.2 

15.5 

5.G5 

G.G5 

23.7 

21.9 

3.55 

3.45 


15.C 


G.G5 


25.2 


3.52 

* 

IG.2 


G. 75 


2G.3 


3.89 - 


1G.2 


7.05 


27.2 


4.05 

- 

1G.5 


8.70 


28.5 


4.34 


16.9 

• 


8.70 * 


32.7 

•1 

1 
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Those data confirm that the technique'is suitable Ter sr,cwurir.j 

• ^ Vivo ACi li release ( >•« v/«!t by tr«o wulhor 






dule was the folio-v/ir.g: 

SSSSSSSS®^ ^ 

: anaesthesia of the rats wish Nutubutal. 
s 1 raaiova 1 of the loft adrenal of-overy rat, followed 
liv.rnediately by injection of saline (control "roup) 
or nicosine■ 

The left adrenals of two rats are put to "other in 
each Warburg flask, 

removal of the right adrenal of every rat; two 
right adrenals are put together in each Warburg 
flask. 

flasks arc put in a water bath (37.5°C) and shaken for 
,wer this time an aliquot of the medium is taken out 
;k, extracted by si ethylene chloride, and the corti¬ 
costerone is measured ir. methylene chloride with the Beckman D.LV 
apparatus. 

Bata are shown in Fig. 1. 

Every point represents the difference between the corticoste¬ 
roids released by two right adrenals ar.d the corticosteroids released 
by the two left adrenals of the same rats. 
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This figure shows a increase in this difference when 

i*io rets ere trca.c-H wit.*, ntcuUitc ■ ** «>ts 14 cl clcurly iriiliciicii ti<ul 
nicotine enhnr.ee s' she nor tv. cl reaction to stress, end is in agreement 
with the results of the AAAO lost. 

Attempts to investigate the time relation:* hip between nicoliuo 
adAiinissrn:l^hyy&l the* adrenal corticosteroid production showed that 
the “in vitrf^technique is not really suitable for this investigation: 
results wet^tptlufficicntly reproducible, and it was no: possible to 
make safe J§t*§fl%ions from them. 


cosieroid c 






toreforo necessary to measures the plasma cord 
ration. 


m of Corticosteroid Concentration ir, I lasrna 


Tha Unique available for the time boing to measure 

plasms ccrd^^groid concentration in rats is that of Siiber e: al.U), 
generally ujllra^fe4l owing the method described by Cuiliemin et al. (S). 
A* thoroughfnves|igation of this method led to the conclusion that it 
measures tillSSy, out o: the corticosterone itseU, the circulating- 
lipids and*f|lWi|:y acids. As wo.had previously shown (see Report 
HIPr'O I, that nicotine releases very rapidly the free fatty 

acids in the blood, it was senseless to use this technique to invest!* 
gate a specific activity o* nicotino on blood corticosterone itself. Such 
a do tormina lion would noed a thorough investigation of an entirely new 
technique. 

It thus seemed necessary to limit the present research to the 
above data. 


(4) P..K. Silbar. R. D. Susth and R. OsUpasi Clin. Chas\. i. 278 095H). 

(5) Cuiliemin, C.V/. Clayton, J.D. Smith and H.S. Lipscomb, 

Endocrinology C3 , 3*1S (1050). 
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4. Action of Re a orpine nr. m rv -ndrctinl !;c:?;K.n::r to St tv: ;-.:; 

Guillcmir. (C) showed that ihu tranquillizer:; chiorprumuumi* :unl 
rcserpine can deplete adrenal ascorbic acid when administered m ruin 
Tor a short time (less than 4 days), however, this enhanced release «*f 
ACTH dees no; las; longer, and the results demonstrated the uxisituirn 
of an “adr^^^iorticotropltic adaptation" to these drug.*;. Most authors 
think thafjro^onged rcserpine treatments lead to corticotrophic ex* 
haustion.F 

docs not seem to produce such a phenomenon, as we 
ked adreno-corticotrophic effect on the weight of the 
rant rats, and on their total corticosterone production 
six-week treatment by nicotine (see Table 1). 


tore, nicotine enhances the normal response of our rats 
ituation (surgical procedure) as can be seen in Fig. I, 
(C) saw no enhancement of the response to stress in 
neither by reserpino nor by chlorpromaaine. 

oriv Weight Regulation 



effects of nicotine on body weight regulation were 
studied in HIP.rO I (pp, 22 * 33). 

Wo did not find any indication in the literature concerning such 
effects of roserpinc. However, reserpino decreased very slightly the 
appetite in our "appetite test’* on rats, as can be seen in Fig. 2. The 
response docs not scorn to be proportional to the log-dose. (Compare 
.with the response to nicotine, Final Report on HlP.rO I, Fig. 7.) 


(5) R. Guillemin, in W.S, Fields; Brain mechanisms and drug actions 
99 - 110 (1957). 
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D. Action on Other tIyoothaIa:r.n--iS tuft r.t*y -Inunctions 

J • Possible Effect;? on the r’ih-.i;:, ry Thyrotroph ic Function 

Experimental data of SiliVO l(pp, 3U - 42) showed that nico¬ 
tine did no: seem to interfere with the regulation of pituitary tliyroiropiili 
hypothalamus. Data found in the literature arc very 
cm to show that nicotine may have some slight Ktitnu- 
thyroid function (cf. Larson ct al., (l), pp.' SCO ami 
regards reserpine activity, the offect on the contrary 
{biting one (7). 


function i 
variable 
lating off 
373 - 375) 
would be an 



n*: i e c t 




e Htuitarv Cor.ariotrouble Function 


ttta.i data of IUFPO Z showed that it was necessary 
increase the daily dose of nicotine in tho course of a 
ent until 1C mg/kg/day to obtain a blockade of both 
and an absence of ©Citrous cycles in some of the treat' 
epor; on KIPrO I, pp. 42 - 43). Data found in the 
rally agree with these results (see Larson et a*.(i)» 


Reserpine seems to be much more potent than nicotine as re¬ 
gards 11 anti-gonadotrophic” functions. 

%Ve investigated this effect in the following svayt 


(7) 


G. Darnaud, Y. Der.ard, 
Action de la rw-serpine su 
45 ? - 460 ( 1950 ). 


G. Moreau, R. Volsin tt Y. Galchics: 
r Vhyperthyroidit, Pr. Mud. 37 (12), 


f 

r 
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. rivo normal female ruts having very regular fuur-duy cyclic 
received one single injection of rc^crpir.c (1 Mg/k;;) on the day o; jno- 
oestrum. This unique deco of re •> orpine ww e»uff;clun: to block com¬ 
pletely bath gone.do:ropr.:o functions and oostrous cycles in four of tli« 
fivo rats treated. In or.e rat, the blockade listed for three week;;, in 
two rats for two weeks, and in one rat for one week following the 
unique do^ of res orpine. 

oostrous ir.de>: calculated for Uie five treated ruts was 
0.000 dudthree weeks following the injection, instead of 0.22» 
during the Two!week control period prior to the injection of reserpiue 
jTablo 0, p. *13 of r'inal llcport or. KI>VO I), 

agree quite well with others found in the literature: 
d Sawyer (C> found that roserpine (1 mg/kg) blocked 
0 % of the rats treated. In prolonged treatment, doses 
Y /kg/day for 1 to 0 weeks wore sufficient to inter- 
male‘cycle (0). Kkauan et ai. showed that "resorpinu 
of 0.2 rag/kg deiayod vaginal opening in infantile female 
opened oestrous in normally cycling female rats. In wo¬ 
oers likewise indicated decreased oestrogen production 
taior.:" (10). 



La the male, Verne e: al. (11) and Soulairac (IS) fwiar.d an in¬ 
hibition of the testicular endocrine function, in response to ruserpme 


(0) C.A. Barraclough and C.JI. Sawyer: Blockade of the release of 

pituitary gonadotrophins in the rat by chlorprornssine and roserpinr. 
Endocrinol, 3l , 341 (1957), 

(9) Gaunt et ai.: Endocrine aspects of the pharmacology of rcsi?rp in *« 
Ann. Sf.Y. Acad. Sc. 59, 22 - 35 (1054). 

(10) N. Shasar., P.G. Suhr.an and H.Z. Winnlk, Effect of reserpinn on 
pituitary-gonadal anis, P.S.E.B.M. 105, 201 (1900). 

(11) Z. Verne, Zi. Tuchaiarm*Duplessis ct S. Hebert. Etude comparative 
de 1‘influence etcarcee par la rdjerpine ct par I'hypophyscclomie «ttr 
le tasticule et la vdsieule scminale du rat, Ann. d'Eudocrinol. 

952 ( 1255 ). 
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(500 Y/kg/day). The'inhibit*.: j effect wnc much mom pronounced 
than the light, one that we- fouia: in or.;* Xuven-moath nicotine-irc.'.U'ti 
rats (Final P.cpor: on l, i>p, *;■; - *i5}. 


it appears, therefore, that res orpine in! libit s gonadotrophin 
function much more markedly than nicotine. 

It fUmS very likely that the of (eels of heavy daily doses of 
nicotine oostrous cycle are mainly duo to tho malnutrition con¬ 

secutive f!Pta| ini*.lotting effect of nicotine or* appetite. 



Oak&Jssaffibntrary, a unique small dose of roserpinc must act 
<^actly gonadotrophic regulation system. 






Wp://legacyJibrary.ucsf.e<fii(^j6§r(W^daQ/y(s«lt/w.industrydocuments.ucsf.edu/docs/flxl0001 


52259 3672 







k o * _ 

m'4 


in. cco.U’.uusox oi-‘ v::x c:rr, qv nicotine a no o; 

iv^szru'ixz C.v 3 M.-UX SlitvOTONIN* STOi:L*.$ 


A, Literature Dr.tr* 


1. Rcsarffir. 






mlhrstra! 


offsets o 


338 ®*®^ 

:s A Srfoc:.“ or. Drain .V.r.inu Stores (Please sea First ftnpott 

eb. 

Sg^lne literature show that the brain stores in caieciiola* 
M(ine and noradrenaline) as well as in serotonin ( 5 -hyilrnsy' 
PUf-HT) are depressed after rcserpino administration to 
j|gd . Serotonin urinary metabolite, 5 -hydroxy indole ace He 
jA), is cor relatively increased in urine after reserpino ad- 


empt to summarise data concerning the biochemical 
lullHttin;* drugs on the brain stores of the neurohon»nn«K. 



we Avere ^T^ rnahe the following observations; 

onir. and the catecholamines seem to iniiibit the trails- 
Inli^gion of the nerve impulse in the brain synapse, aeetyl- 
choline on the contrary being the mediator of. the transmission. 

(b> The tranquillizing effects of reserpinc could be duo partly m 
the observed depletion in the inhibiting amines, limn luuvinu 
the acetylcholine activity unopposed, borne of the pharmam** 
logical effects observed after the administration of reserpino' 
are actually signs of acetylcholine activity, 

(c) From another point of view, tho depletion of the amines from 
die body stores deprives the organism of part of the mechanism 
of reactivity, thus decreasing the manifestations of anxiety am* 
tension. 
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V/4 choso to follow iht method of Pogdanski, i'lclAchur, Ucodi* 
and Udeitfrier.d < 13> which consists in Ihc mennuiTinrut of liu* fiuflr- 


<13) J.H, Burn, The Action of nicotine or. ilso ponpltpral cirrulnlion, 

.. Annals N.Y. Acad. Sc. jJ0 <0. ill - C-i O0G0). 

(U) M, Schicvelbcin, E. V/orlo and W. Jacoby. Uolior die Fii’inctr.uni: 
vor. 5-Kydro*:ytryptar.tin (Serotonin) aus Gewobon (lurch Nikoiin. 
D:s•yalurwissoRschafe <Z (10). 602 (19G1). 

(15) D.F. 3cgdar.s!d, A. Fleischer. 3.3. Brodie and S. Udcr.friend. 
Identification and assay c: serotonin in brain, J« rharmncol. 
oxpU. The rap. HJ. 32 (105G). 
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OwCir.cc novelopcd by sc r omr.-ii In •* N .ICli ui 330 r,*n f**n*» 1* ir.f* 1 1 

uciivaticn ut 23o m )x Ai A t \ njiccs»'Oi inor*i*r). H 11* 

foi'nr.ci'ly boon 5hov/r. that r.*.w 2 . 2 ur 2 »v. 2 :v» of fluorescence at 030 m |i 
^**s no* specific * 01 * 5 crotOiin*, %••*(< nitrcioi’o not >su**u>iU! fat* its *n* 

termination ir. brain (1C). 


Is o: she 



ivstwOv. wo**e 


* Oi\o W5 : 


nts wore purified bo fore use in the following way: 

and r.-Itc , ntr*: , ,c • Successive wauh(tt;;‘with N NaOll, 

>f distilled wr.cr until pH 7.0; distillation of the WAnhml 

S w.mii. 

ffor - «2,o g boric acid was'dissolved in an aciuootm 
sohSPS^f HaOK U1C ;;;1 of 10 N NaOII in 2 Utres of distilled 
v/aas^^The Solution was saturated with 200 ml n-butanol and 
ir.i.t v/ith^CaCl. The butar.olic phase was eliminated. The buu>r 
muSiTbe^ pH 10, 0, 



Froccdur 


Or.* pert of brain tissue was ivonvogeniaiMl with two purin of 
0,1 N HC1 ir. a jPottgr tube. 0 ml of the hotv.o.iennw was irnuru'irrnid 
ir. oath of GO-ml glass-stoppered flasks and mljuMtori to r,;ipive;imal*»1y 
pH 10 by the addition of anhydrous sodium earhuunlc; 5 ml of borax* 
buffer pH 10 v/as added, with l r.*.l of fits 1 * Ucmi* writer wiunl volume * 

13 ml). 5 g Had ar.d 20 ml of r. -butanol were* added, ur.d the i*«i.\iurr 
was shelter, for 15 minutes ar.d then centrifuged, The butnnolic phnso 
was removed by aspiration and put in a new 00-mi flask with u lo-_n»l 
borate buffer for washing .(The bctanolic phase was washed twice, and 
centrifuged.) 


(1C) S. Udenfriend, Z>. H. Ev^dauAk* ur.d II. Woin.sbnch, Fliiomsr.Vncn 
characteristics of 3*HT (serotonin)', Scienco 122 (No 3177), i »*»2 
(1033). . 
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15 ml of the v/askcd.bulnr.oJii: war. ruuiov*Mi mul put <*% :» 

new CO—nil vojjoI v/1',!: ZCi ;*'< 1 k* * 1 t■;<•!! • 1 !! j ■ 1 1 v;‘ 0, I .1 1)111, m.«< 

mixture v/is shaken Tor * niinuio n»d ceatrii'iifUMi, then tho undrriyh*,, 
aqueous layer was removed for d<*lofnu;,atinn of flurormcMine nU»*r 
adding 0.C nil of concentrated IIC\ to 2 nil of tin* 0,1 N till! Aohiibm 
(3N sen, * ' 

Tl^^^^itior4 is Activated in Iho Amiuco-nowimm Mppnrotun m 
205 tnp, FTjy^Ihe resultant fluoroHoenco is measure! at 550 n»|i. 



<b) Cgiss 

■ra 


Kc Determination of 5-hvdro:ry-3-indole Acetic Add 




V7eT3u3tycd the method described by UuciunemJ et *1.(17) 


%l of urine in a 50-ail glass-stoppered boltbj are aiM»-ij 
If 2 , 4-dir.itrophor.ylhydraalne readout (0,!» 7* 2 r 4-4ltn»iro * 
piydrAsinc in 2N 1101), After 30 minute**, 25 ml of C‘t*'». 4 
dee, and tho bottle 1 r shaken for a fow minute* ami Umn 

lugcd." 




'BipsPIgaruc layer is removed, placed with a fresh 25-ml 

of CHC1 3 and the extraction repeated. Afi*u* cmitri- 
ittging*, a 10-mi aliquot of tho aqueoue layer ia u*iin?ii**rr*il 
to a 40-ml glass-stoppered centrifuge tube r.onU»mi»»; nbont 
<. mg of NaCI and 25 ml of ether. Tim tube ia shaken for 5 
minutes. Following centrifugation a ?.G*ml aliquot c»f the **ib**» 
is transferred to another < O-r.U gla*o-stoppered iiniitrifuj'!* 
tube- containing 1.5 mi of buffer at pH 7,0. The lube \« nhwl'^n 
for 5 minutes, centrifuged, and thu ether layer i* m»nov*d Ik 
aspiration. I at 1 of tho aqueous phase ic transferred to n IR--«»■ 
gits3-Stoppered centrifuge lube continuing 0.0 ml of hllro- 
sonaphtol reagent <0.1 7* solution in ethanol). ° 


(17) S. Udcr.fricr.d, 2. Tiiu.-, \v.j£.-.flh.ich, The idunlifH’»«i»m nf 
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" Following this,, 0.5 ml yf nitrous’, acid '■*' ;Mi *' or * '*'* 

£ r.'.L of 2 i\ i«t O.y. s.ii \»f y..r* N:m»* ; Hu* r«* 

agent should bo^prr'p^'.'cd frOKlvly <lnl ly) amt Urn unmplp i" 
mixed well and wai'iucu r-t 57°C for ft fi ml of \»n»vl 

acetate arc t«*cr* added a;u! the tub* N AliMl'nii," 

” *5$,er separation of the plumes and rt*mov;il *>( ll»*» «»»hyi n/*«n-,i.. 
^sptrniion, a .second S-ml portion of oibyl in nrltinti, 



step is repeated. 


•« 


11 fb§al ar.ucous layer in iraunforriMt to a micro cnvi*u« # 

-u-t WZ.t optical density is meaftured at. 0*10 m p 

t\a are prepared by treating li ml of sohithm cvitiuiidnj! 

0 Y of 5 IAA exactly as /or Hie urine samples. The »*•* 

t blank used for the blank setting of the instrument is p"n 
* • 

y treating G ml of water in the same maimer. M 


scroins on Drr.it) Serotonin Stores In Rats 

"Sows the results of our invosti^ulion of the rat bruin 
serotc^irTcontlnt, the animals hying sacrificed 16 hours aiUir.ili- 
adnaisi strati on of various dose3 of reuorpine (0.3, 1*0, *".0, 10.0m«/i'«» 
Each point represents the pool of three brains. 

Is our hands the depletion of neroto.nn bruin stores wan not t* 
be found for coses be low 1.0 ir.g/kg; the effect was bppr oxim me iy 
proportional to.tho log cosy fro-i 1.0 to 10.0 mg/kg. 


(.n 
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(•// 3’’ r i\~ct of Niculfjic <■'! IK~ ; it r. Tui . ,nn'ii Slo rc fj in 

. *i s'i.Uwu thiil, Ui*«M;r itur c'onihli hiki # 

flcwjw not seem to hr,vo ;w,y «•♦•>!?,on ruin hif*in n'»i *>Iihh’m 
0lo»*ii« for the <#Ot:o of * i*ij;/»««J ilnrmjj Un fii’nt fivu i»«mvn «ri«'v n»» 
mimnir^lior. of livo tint;:. 


(c) IviVcc f 

ri 

the urirj 
or sAlin: 
jectior.. 
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.Fi'OIU oar ranuU-K it linu nicotine <h*nn »«*i nnt in hi-jm** 

serotonin stores from brain or <*l«io<* jmnn »>f iih* l*r*«l%*. 

li'j action on brain sornis. Umrnfore »n(irniy nifiVr^nt in thin 
rospcc; froai that of the tr*ttquil»iy.*!r reiiorpluo« 
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’ijri 







v«r.egii .-«a«n*. i '*" 

r r . " > i .• 

Ihesi reports represent t tr tils am.-*/ »«?*••/ of »«*« wiiir.j »r .-.i sa .. ft4 
•also it *11 :3nui<r*c so. ant '* r «1a: td u ’■ '■« ;:|u-r.:i .u^i* , -j, f 

±* s * in these r *?orr 4 Lave Sm ; a c r ly ?rii«n:<d V *-ty and r., r . 

,'j? the oar.-crs,t i ; »i .tor.-t ec.v.isal reader tier 4 ti to li.tr I* » . t . 

the or? itj *=,t * ere in »c4« «im U;em):« to fsllr*. Cm of u«' (a . Xa.) j* 
i)MA *0 the SaSteiie Institute, and obtained tertai.-. inf gr ea ticr. »h** 

• a* either* alJii^ or not tiur in ah# report i« I»r.Libc; has b#tft- r*aponsthi 
f?r acit of aha **ork ard in fairniai it ihvjli be **id that Cr.Librt 

La an «ndn.erLaoloeiat by :nlalA( ecd not * phaxn*cois*ir: cr iiMhtaij: , 

(Tha Pbaraacoiocr Division o-f Jettalli ea* fully occupied dsirv* cK~csis 
ascity work far the S«riae FMrue euticai CeepanXe*). Dr Ji*a albaeh is. * 
Sloehaeeirt « 

It 11 iluit uni*ersal in *akia.f * report about work on r ati t« m‘.« tx* 
of r«tj u *+&, whether the fin tn hi fhl 7 Lnbr rd or rati of sired 
rain, whether they art for uupli, Virtar, 3?ra<ue 0*»l*r, hooded or black 
♦ hit* r*t*. Thi* inferaation |ivti *a indication of th« ttslaticn to be^ 
eoted ilnco highly inbred r*ts art aueh nor* urslf = rta in beha-riaur. The 
t* u>*i by Be.it.alle wer* *bite rata claimed to be of the Tiitar attain and 
obtained fmm a local dealer. It i# *l*o atar-dari ?rttti:i to in *Jtat 
« called "litter—ae*e control*' in all coeparetire ajrparinmt* of the type 
undertaken by tho Belttill worker*. Ihu* in thro* err/?* cf r»t», e.i* b«i=| 
octroi croup and the cthax two htln< groups La which an e«tr.t auch a* 
os Lae i* *i-/tn, each rat in cot *roup ha* 4 brother or itite ret in th* 
rrcup* - iattalXt **rt apparmtly unablt to obtain iitt*r~»*t* rat* 
that th« data of th« Kippo report! are rua acre than qualitative. ?.asi 
id fca-re bean obtained frta a breed*? rather than a dealer; any reputable 
eder * H. 1-1 ai»ay* aupply litter-»e.te rati on requeit. In additiar. ts t.-.eie 
^ticii** of th« actual aninala used in the co»rU«ati, A.X.a. ■»** not 
!^reiaed with the anJLnai acsctaeodatlon at Eattelle, and ftr Itr-{ t irs thrtnit 
Urrr; 1 it ia Lapcrtarr: that the aninali should be well taxed fsr. 

SoLutioca of ft it a tine eire racr lat aly -di lut ed and adjurtid to 7 

is aid orper-isent* . Kiaotise acid tartrate It r.orsally uled in thia 
country and thia aifht account for icae di*orepanqlei. 



asghXJsza r 

i criiy o? rncxr-ff oh ra <rry^:s:< cr prjnsrs f sett ton 


.t.2 «t let ■ \ 


3bj«ni:uiM ecr* sad* on ‘•fresh,* n ‘bcl*?ar.t' 1 and *reii*t«nf' nta. 
tale-rant rati moyli be able ts *ith»sand e dsie of r.itotine tn»*- *»uli b* 
lethal to freah rati fp-J) a«d a »«»i«ir*e*nt sf the LX50 of nise'.tfti an friJh 
rata and tolerant rici etuli * perfect*/ reaiortahle nea!'ares*nt 
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= f tali rtne *. T s ’.crv^«, se-* r> *r. Indus t< and by % t «*-.-. t c 

dtaej-ibtd *7 3«tr<c4 tod TLi*n*J J*?. 1 ? 3 J) In *hi5h 4 

~an-1 p •< Lf i c ylvotls^ r«J^cn j« of y^satifli i» s*»9«r»d. 'll da f. st a■ -.* -V 
* ij. 1 i »4 <ood titheufa Dr. Lib ct ,-.*j i.’.e* a -4 j ira« iata irdisat Lt* 

this mpar.at Lj abs«nt in 's«i«rtm'* :»t«. *« in-tak :.ii 7.* i-.cz. im 

ssuii Law* b»«a dut ta icrLtatlsr, stcs«d ry ir.Jtcttsr. sf :.m a*s», tnlsA 
aii.*.a hart rtsuitod La 4 pro *741 siitiy ia*il «r Minor.st. Lr. -■-'s «t itniVd 
this tod 147 j than* »*j no ilfn or jwaiiLsi ar .'i^rrui iiiiui on 4 
mrot: rqlc axtsuLnaiion at autopsy, 

Sr?trUtnti i> Liu rt r 4 t »d In ?lt,l 

.No. coatral li aheiro far tba «cr rt ion of u*. tr by -tx j non flltr. 
aotln*. IMi odnioa Miui it Lwpoailtii t« Jud** tM ■aanin* cf id* 

41 La T±4-X- fha nt: wtr* fitia wat it cad aleotLaa by south »; trro 
*o4 t&« edcotlar iheuli k*T« iiliytd it 1 currtiea. Th* authors a *7 
at th* effaot of hiaotina *4 j ««r-t#d fye* 2-8 hours trtar 1 «r 0 . Tha tctiso 

Hi cot La«, bow«-**r, 1* cbscr-i ad ifl tr 13 tixUl, tad thr do 9 4 which »i> 

*4 would bar* flnlah#d ill tctiaa by 3 hours, er tt th« ao« I*, hours. Th* 
-•riooil b«tw*«o th* ewnrals, th* rtilrti-cs rit 3 ind tha toltrurt rtls 
V# ao sljaifioanoa La rir* of the tbsthca *f t control without aieetLse 
la rie* of the daisy bifart the tlla*cd niectlna tffact tppatred. 

. librt «u hcrjtlf pottivd by this remit. 

ssjble tcaloa of rXcotlat wit tha release of ccr adrenal in a (Section nC,;,13) 

IS is 0 rrt t-laly. Likely that the totion of. nicotine ia cousin* tn 
idiurecio tdticn Las nothin* to do with of nortdr antliaa „ Such ta 

*0 has ncr cr been »u** 4 rt*d, Howr*er, th* r« suit s in M* <3 showing tie 
•et cf nicotine oa rets raatr-plat utti? express tht rtsuit 44 4 plot 

dost 444-Last ti»« la which iQfi of th< cuauLstWt 4 -aouct of vriaa «44 
rttad ced thtra era no 3 biirw*tions showing ths tiaa course of th* 
tx;rnl:n of *4t »r 4lsa« . It 31*7 b« th*t they* Ls 4 diff«r«ncc in f%t* of 
rrt Lea cf rets *i**n ros*rpia« deni, tod thosr |Lt« aicottac tfttr 
*»rjin«, but. on this eo Lafaratti&n i 1 trailiSla. 

irradtaeltalc ^sjons (s+ctUn Iia.a.il) 

Tt<M tbr rsaults of titis «*ctLon. the tutnon ssr-slu-dt that "risotLn« 
da«* not i«« to rtLvulttt tha bypoatalsais armrt (rupr*cptic r.ucltus) 
that * 7 TSta«sij«a Sha tatLiLurttla hcraort*. I’. :*n bt said with rtascatSl* 
crstflltnca then this esnclusian la wrgr*, ?iiifsrl dtaonstratrd *hht thl 
t^rt 1 -dlur«tle affott of ictr/lchoUna *t» tanrttd rrJ.7 rn*n ca la, 1 ictLan 
»u «*d* into tit iupraaptis nuclrus tad r.ct • n 1 n th* lajtdtlor. »«s 0 ,;=?* 
outsid*. Ntscsinr tsts in ta* itai wty ts ssar/leholLn* tod tsarsfsrc tt 
should b« rttheut action *r.«a tht »u;ra«pt),s ,tj:L ru » ii dfscroywi' ^* 4 
dtatruttion of taa nutltua by tlastr «k stfyl*t i«n u lift* * jtartoeactic 
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».?;«Uus 14 1 higrly 4-c.li.9i ;rtci£'tfi, end *• ho =o»* iUecly c srv- 
clusion is that th« aut r.or s **ra unsbl« to s6**:n 4 sufficiently 
prtcise Isceliaacisr. and :f.«ri,*ars tii act m fast dtstrcy tba 
suprsiplis nucleus. 3r. liist a grits *i*.n :.‘ii :r;:i:Lia *r.d <,? 1 j 
Krtriariinar/ ‘.h**. * a«s,*rrsiat u.*. r:jor. tn h.-.ij of tctpariaser.t 
ar.d «a«n *jy«at tor. «i a’ecut tMLr Teiiiiry ad.nl t : th*y war*' net 

properly serried out. 

ACTION Of NTCCTrre CN r;<3 "ST3nS3" VC-XKJIXISM (S^tlan 111, 

0 .13 <t 3*Q , ) 

Tht experiments in till tact ion invalv* biochtaicel 4a distinct 
fro* pters**colo*ical end surjietl *«thods and art therefore lass open 
to errors of technique. 

•Action of niootin* in t b *. e<lr «rutl ascarbic aetd depletion 

•lit ration ui2: v.Ti) -- 

The figures on p.lL (Table 1} for control rats *grt* 
ith figures published by ethers end it is llk*ly that t ha 
fact of nicotine Is to reduce the sir «r.aj. ascorbio content 
» they Jay. Tha details of these trptrlarrrt t art no* areileblt 
it is intended to rapeet these crucial cbsei-rationi. professor 

But tit hes aaede obstipations on the action of nicotine on adrenal 
tight eni jo fax b*J foiled to obserft ea affect' .The Eeftill# • 
workers ht*r* only found an effect ea adrenal weieht whan nieetine 

I ^ ™ 

vu edarlnisttrod ofar prolonged periods* 

9 ion of nicotine in tht adrtr.nl ascorbic told daolrtlcr. 
test 4ft «r" r t s ♦ rp lr. t t r c at a t nt (? a b1 > ?, p'. i 3 1 

The ebser-rattans of tht dlainishad iffact cf nicotine 
ar restrain* r treat3*nt art certainly intare at in g end *orth 
ther in**rtig*t ian, btcauat the depleting action of 
icot in* ray involve tht rtlctit of cdrcrnllnt fret tat 
adrtnel 5 -dull* * Adrenalin* itself dtylrtti cseorbia acid 
in the adrtnel glands . 



Actlcr; of njpqtine in the idrtnal ascorbic said Pialitiar- 
test eft ir sorohine t r_tataer^TT abie ^ 0 . i? ) 

Th* tTiltne* hert dots not Justify tht ecncluster, thtt tht 
depletion of ascorbic acid by nicotine afttr giving acTphin* *** 
lest then »nxcu‘. aorpM-ne (though i* *ay la feet be so) because 
thtr* *trt r.o rats givtr. nicotine only in tht ayperlsents cf 
Table 3* It is not paraisaibl* to tssuaa that tht figures cf table 
1 (p.li) art ca*p«r-ablt.. 
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' ?h« ae rtsiilu l.wl»» aaki^ lesasna by tAtcsra-cosguldticr. !,*. 

M aedian cxlne .1C* cf 1 5« hyvovjjLj^oa . IA •'in of v.e apparent f » ii ur a 

of Vi4 iUtM.tr* to i«*VCy the Jl^rncp tic ruel a uj Vy cl^cmrCcco julu lion, 
chink that «j-* result* i b« treated e\w reserve. Hcrt'M*, alic* 

the rexvu.:a i;rt< n*-“\ the dnia ef the icr trad u«fbis itii &«?leti=n , 
they •« c-rr>i*., 

cr ^ficcrrr; cv scrr^rsr^fT *ssnji;:cy 's.c:i ; n r.-.*.» <t ^. 1 


Litter-eat* rtij •«!■♦ mi ui«4 for’the ejcyerlnent* lll iutn»+d Li ?1 j, 6 
far the increase In weight cf nti dosed chronically with nicotine and the da 
cr * ihcr*f»e of doubtful si^niricanca . 

Ss£JEB3*ias»s&.^rejdq j^aAAScJaiaiAaa rrs - a^il ) 

▼t 4 ?»*mi f««1 liar •rith the aethod uaed but it »ould appear to be 4 
sethod since rat* normally m t at ni^ht end they do not like 4 powdered, 
the htttUi rati, however, *o A.XJL. m informed, flourished o D ' «. 
ordered diet’. Appetite eeasured for otdy coe hour vithin en hour cf 

ain< with nice tint *nrt it la likely that euany Cru|t would ihov transient; 

activity under tho** condition*. The ds m cf ftiootir-e (7 »*./£<•)“ 
ed la C.im teperinerti* (p .26 ). which corrnjwdj in tan to LlOej/??tj aan, 
a dei4 ehi-ch vculd probably cauae a rise of blood pressure and (tran.1 
Pf.V.'h-l'm of the ayepathetio ryii*« and thia would V* a cc oepcnled by fright. 
If. tMi occurred, dialautien In eppetite would be expected. After ora hour 
a Va teat of appetite be fan the aniaals appeared - real but no 
rvatiens w*r* cade to *ce if this ioco of rdeatine did in feet stimulate 
• r / tr p a — • tlo ry sheet of the rat or fbr how Xcn< suc h an affect lilted* 
would, fsr escarp!#, ha**« been eery to mi if ii caused a rise cf blood 
. I? i_l clear frea FI** 7 than Liisfkt nicotine completely suppresses 
Ltttk* but the supposed anorexic activity cf X * ZciAcf, in viev cf the 
scatter, it far fre a esrrrt-tcidj. 

ft acg.ar « j V. ih f a c d intnfcf_ af f f t ih n U 


Tb* a ha tea eat in the aiidlt of thii paje that tolerant rata eat l«J * 
feed Van fresh rata cannot b* accepted ufte^uivreall .7 in view of the fact 
Viit litter-aate «r,vd« ware rujt used. There is aueh vtriAtion in the 
ihcunt of food, eaten by rata. Moreover testa of siyivifiennee disrejard 
the affect of the nicotine Infeetisce on the eaar.su of ti\e rats tod 
r.ctfvi aay be aialeadin-j. Or. Libet In fact shewed A. X..V. the 
rtsuits cf an coperinent carried cut to m« if tolerant rata ate acre 
f&cd ef.aa the daily rj.essine Injecti=r\a nn stepped. lifter four 
days, fsed intake wta increased and so *aa the feed inta k e of ccr.trol rat* 
neraally injected mth saline. This show* that hypodermic injections 
cf even saline result in loss cf appetite. 
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^ V_s .lil 


: * ■*•*■* -'t 


H** U ? » *•«! 1 



The difference in the effect of c dr »uiins end tor- 
eir*In* « t;p«u:< *nlsn S 7 y«tri In the results say. be 
related ta V-.* difference i_i their off «c*. sn *. he blood »ufxr. 

'i'dir sh* Kifl & rise s' blood eujir »r.ich 

ij jxeatest 2-.J heurs After the injection. This rise *culi 
iaair-ian a? petite . .VorTirt.-^JLi.-^ i J l,aa 
i dr -j r-sl in* cn the bleed stijar. 


♦ V 5 Aa *=‘ lT * 


*ith reference to tt* conclusion foilnrir^ Table 5 (?O0), 
la which tie authors speak erf the lasting Action of nioattr^ a ^iLa * 
foc«l intake, It oay be , ^iia Action ii net col 7 a result cf *a 

general stisulation of th* ryxpethetic ay-ateo,, but that it is 
rtUtti to the local iffwl ef th* tajsoted edeotine. :>*. tibet, 
icNtc, did not think that till *«.s pouUh, 


Ii ig?. j Z£K2 ZaZSI 




The oc n cl a jiofl dr a*u in the fir At pex**r*pfa la not JustifJed. 

Inluit After being given r es«rp in* sufficient ter moti all catechol**!**; 
rarely >»t >* all. and it is possible that t ha warying figures for the 
coJ^ola in table 6 (p ,Jl) ar • sxplsOn*d by yarlatlca In the decree of 
catscholaalse depletion. This is home out by the figures la the lash 
colvan of Table ( which ere often C?C but *ooitlMi © Tar 10C^, O.J eg/*g 
x *7 be an insufficient dcae of reaerpin* In n*l ) there la no tentice cf 
the authority which *ettea that this la a reasonable dor* and data should 
therefore be provided on this point. 

fQT«x!.a effect of njLgotdn* cn leeiar-ed rata (lection ITS, 5, p.3?) 

In paragraph 2 cf this lecsicm the author* doacxi.be e -r*ijht iMruii 
fter operation *iich did r-ot la at longar than 2 *««Xi. If the operation 
ui been eceeeaafully carried out the weight ircrua should ha-rt 
ndnued. . The only conclusion »iiich can be dram is tut the 
eratlcn mj not successfully carried out, although Dr. Libet told 

that this par^tdeuiax leeion ’ej easier to perfora than leaisn cf 
‘_i« supraoptic nucleus« 

•*sTir\ 

The rerilta of tnla Motion in aJyawn in Tibiae 7 16. IcTiblo 
7 axe j±T«n fljuxe* for tpididyaal fat; nicotine *u witheut effect 
after 2 ccr.bha but cauaed a decrease frea J rar.tha orsa^rij. Z\ ia 
difficult to ^^d^e the sisnificanee of the effect becauie the cantrtl 
fiST-srt* raw freo )7}* t/icoj u i aer.tha to <47 /;cO| at J aor.tha. 
Certainly aucr. results ar.ould be deteroir.ed by the u»e ef litter-aate 
control a , T.-.e ftf-rrea in Table 6 oh*rlovialy ahe^r a significant 

difference, but they try be explained by the effict «f nicotine In 
the anouni cf food eaten. 
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-■» *= -■ i«c4.'a< It li c-.ct. v.*: 

rtitana r?A I**, V - .* t l-Cd, *_*-£ .i 4 co*. *.« 4 t -*7 csi:* - * 3 astim V 7 
rtitaier-s air teaUn,*. 

2t* *• ra zs m . i_*.« <1 nror.c * « v* liiappe crane* cf 

*- • «-n?v appartr.ily :«l-.? d*f i_-_i*.i tf-.tr-« h«*a-(fij.ia), 
ij i,-.*.trts*.iAi. Hcrr-ie, Xcnttinan ar.d fta'aaalni tirsr. 

JC V., ISSJi p . 950 ) hi*p* found *..*4; in ai_n in4 ram if 77 A zS ;xr 
c rr_a uep ti a r. :? fat *n 3 tft* aon * in 20 arok* r j a a i.-. 20 tar.-mok^ra 
aetd f*«n higher it 5 hours than "*t 1* hour*. {t>.« avirijt 
=«b*r cf cijartet** aackad by th< «cker» in $ hsura ■ni 2J) . 

Th* f Inal i«ni«ne« on p -37 i* V,«r»/ori not aupporttd by *uff i: 1 *rA 
at-ldanc*. 





pQS3rg-2 xc-TTcrq cw cmg* HTycrrAiAAr)-r^rtrrr-vir r.^c^Tcrcs 

fiig 3 sa~’L"ij jjfl.' i.v .SS * 

^gjlllajlsa thvTQtrcoln-rtl*aaLr.< iSZalkZZSl 

dec an* cq fr*»h ratj (jactian Va, 

Slao* th* author* ootvtlud* (top of p-U) Uut mlthar nieo'.ina, 
rtoallr.* wr noradr*naiin* atlffulataa th* hypotnaiajtuj to rdaaa 
■• factor vhich ltida to to output of thyrotrcphic ( .not thy-ra tropic) M 
naw, 00. coutnt i« r*^uir*d, ^ 

nvtatijatian of t aoaalbl* aff «ct. of rdcotlr-* &n fcrn ic drop1 r 
cz ntroj (Stctjon VIS, V .*4j 

It U7 Vty vail bt tr-.fca that ldrj* doi4i Of oleotir* (p -ii.) 
ch u liaatAi/«Uy block tfw» action of tix jerj dstrcj-.O-o (.not 

do tropic) her* on*, but cloarly *uch a do** ia of r .3 ptr/aiolojieal 

i CCAC • , 



ftrro*: mo. 1 ag^gptgc PRCJicr Hr?™? u 

Thia rtport i* in *ff*«t a Uuratur* «ur'r/ and v* do not vL*h 
etaam*. *xt«rJiT«ly on it. Cn p. 5, 11a* L sf the account of 
~ w ,« action of trarwyiilli3*ro th* la c*d* the; rtMrtin* 

its th« aioctxical activity of hypothalaaic itrictur•*, par- 
’ *-“iy thuaa cf th* poitaricr n-uci«i *nich tho »y=?ov.asie 

«r~T** cf tea riacara ar-d blcvxi v«u*li. Ctls atstaxar.t acpcors to 
b* l_a ccnfliat vith tnt rrif.anc# of. Z<jo aid Dr. K«v.t Vo|t, 7 . 1 . 3 , 

(f ruroaJ. of PSv/tlciocr, I960, VoJ.,130, p .UJ-) *- v at v.*r» ia no 
iixdrjtiart in th-a iopulata paa«iA( ala04 th« p?tjir.plitrie lynpatn*tic 
fibraa ir. tha anlaai aftar trtatatnt *iw r«**r?L-,a . 

T>.« aether hjj rail id a jsed daol tn th* virwa cf 3 rtdi* 

( «i ?•$) “4 It tnculd bo pomiad out that iro<Li« has tre.’fiti hii 
'ci»i tiai* ir. v.« lost f«» yaara, Z.tda*d tr.trt art 10 t-ary 

th*«ri*j ar.d r*lativ*ly fr» facta, that *sit *orxan dou’ae «r.« 
?cjiibilit7 cf any elatr dtacriptaon at tn* prai«r.s tia* of th* 
part playvi ty ir* varinu, iuiitar.cn pr«a«nt in it* brain. Tb.ua 


« 


edu/1fii2fipflfatilff|25pdfwww.industrydocuments.ucsf.edu/docs/flxlOOO^ 


52259 S689 





v * ? *■ « jrtaant ctevliLji litwi ■--* .'_r.=-!i«r- 

i-i n‘.« aj* *.v >**=-—". sanjiii j ' *«* ryl s_*.9i~-w. •»« , 

»«rj«r^ tAiafl?) la ^Jen ml. tTsij jvi’. tpj U_r LiiappelAtlr-* 

■ju■ V.* cAill*n*« ^ -avic-L**! i • •;it mhit^.... 1 

? rr -a i * *. r~. t ?r^',;m , *. Hi, <^!ii Vf 
fsuritntco, PvLLica * Hia«t*n). 





-r v~ 

[STJV (3-c*i£r. ii. 








St Ij c'or'l.ou* cut V« «*An n^u« for * flirt* cc^:rilf“ 

Tar ’*iol«r*xt rati' to|*-A*r *ltx ju.*jlarl uriri K=j r*>*. v« ( a 

(l-r^a t,MMu«hdMl fail* 1. On ta>« f 4C« of it, v* -Jvj t *-^« 

'’*!*(*•■ far xdrcooJL »titn< for tiftrAl corlUeiirnlii rpp**r 

vs >« p-*i‘.tr 1 j» tA* * ml»rini m u' '»ut 4**_Ln lit**r-«4*4 rata 
ah trill h*r* b««a uaod. 


r**\il»a afwv tint niootln* lx a do** of La*/*f, Vile* 
ij Ijti•, c*ui**<i lb Ijutum in t?»* rtl*u< of MrtiMiUroiiat 
T>vLi **r bo duo 'to « nl *cm of adrvaXih* 1-a IX* fLrot pLiot. 

ha a "b**n oo i **xir^*nl of cacti coo tax* id concantrat Loo La 
w.e«4 (?.19},* thlj ia #c*i*tiUA« it tj pl_AAo*d to do tt Kaxs-djat 
»* of c«wr»* do nc* fcwxr «natiler niootln*, lx 4 dot* *+uixh could V* 
tal«a^t«d, vculd hi-c* a aifl.U.Ar o/foct ta aax« 







tt*J\ r*f«T mXLt* to tbn Lotion on w<r *<Ipht, MvicO w h*r* 

*-lx «*<ty dl*«iM«*d, It o-cul4 d* Lxtur««taLsd( ta eoxpax* ch* aT?*ot 
of niaatLao witA tnci of , ^viefa U i <ty%* uj*. in* b**-a 

uood to r»<fcue* tppttU*. ^i«4rjL m haa not %««a U«4 fa:- 5X1* puryo* », 
£?>.« i«KtUt «irt4ri hav* in fact 6rro euoft *je?*rLa* fvta a.--d i/i »Mj 
*.«»’ tape* taxixo *o* act!** lx * alaliax Uo «* n_*-t o to nisotLn*.) 

ctvj-v?^!cy cf rxy trr^m cr jocgrgz .vo =r ck 3a^ 


7 « aaa rvo rMMfl to *co*?t tS* esneiuaion La A, i (*) r«np*<= t- 
L=^ tta action Of »*f-atsnJjs and ta* entotrxLasixa* Lt LaftA^ittA* 
t>.« fuicUtlcc of ta* Lapuli* 1.-. ta* iatla r 7 r 0 .pt*. ThA-» i* 

•rJ.7 *' th#ox«tie2-l po**ibLllv/* * 

a f f *• rf ratanl.-.j cgtrxig tantgrfy. ttartt v-ti (a*g-.un 1U3< 



It ta »w? r 1 a lx* vu*. t.*.* 4 dolAl.atr 5 .tLtn of r « s« r? V-* Ln »« 
rvlj?» a iaa* it LCa^aj c*ca«4 only 1 JCS radictim 1 a tfca aarsterfx 
1 a V.* e~i -1 of tx* rot. La str.ar r?«ei• a (t,^. noalt, ?,« 7 crt 1)7, 

?• •*) — *P 1 *t -C d i^jroacA** 1 CC<, T>.« erl-lnat*t I.a fi«. ) SAd fl-J. ur ~p 

art rot Jl 7 *r., t >*7 rafi r to a_-si5*1x7 fLtscr*aeatr.ca L/vttAjl*.l*a. / 
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Xffect ct r.i £2 ’ ir.c zr. trim j»:i*sr. 


i-:cri3 ir. re.-.a (Sec 








Th* eh sa rratiarj sn ft* c C rise tin* cr. t.-.e nrr.r r* n 

— — • =-'* vc.-/ and we csr.ciuai.tr, that nieooin* 

" ic«a r.oi act Lr. depleting serotonin j:ir;a. frta Vni.-. -r cth.tr 
?trta of the body' ia prtoeturt, a r.d contrary to the cbservotlena 
ex' ?TarI* which th* out.-, or a th*aa*l*r#a quote. It ia quite" certain 
th** nice din# doe* not act U** rcaerpln# in thi* rsapec? but it 
ia by no aao.r .1 certain whether there ia for exanpla * trenaiant 
rtltaat erf aercteoln cr ceteehelraine* . 

?tsal ccmoyrs 

, Of th# thre# aoJLn line* erf intmitifition to which these 
report,* bar* beta devoted, w# have already ccsut«nt*d that th* 
c on clusion erf th# Bittall* rjrku that th* anti--diuretic action 
cf nicotine la atiil pniint whoa th# re?r*.optic nucleus ia destroyed 
i« alao*t certainly incorrect* Th# ao*t interesting result* in tho 
report* aro on the effect of nicotine on th* 'atr#**" »#chani*« 
but the*# by thaaael*** er* very incaopl#** end there ia ice« co»- 
troveray about the*. Tims* #xp*ria#nta ahouid bo repeated end 
suppi«ai*nt#d in th# t^.C, Lubcratorlea at Harrogate. Concerning 
th* result* cn th# effect of nicotine on body .eight regulation, 
it wwld b# urrwUe to conclude that »oJcihg car. be ua#d *a a aeena 
of reducing weight on the evidence presented. 

The inrforaation of the** report* i* not rufficiently eocplet* 
to Justify any far* of publication. 


A JC.A, 

j ja. 

21.6 .j_5 


\ 
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t. 1 .x.c.. sgrr rcxx 

trt^T^o.vs: csjw^e^rrcri rrrrx xrr?, 2gXK jjhg ifrg) 

«,*‘cl'-: 3.ccori3 on 9~r) 

A copy of KfiM tbrCA 3attaLis myorta oa *ff95t4 of 

aitatt-ic (?roicct *Hlyyc") bo-d been her .1 by Air tail t=s T- X.l. C, 
it the rarest of 2 .X. Cj . 

Xr. Ko/t *cLi Liil Lhoy kid not yet hid tr. opportunity 
Lac^ it tA« report* on Trajeot Kip pa, t/ea if ttoy should, f«*i 

i ulrsila that ti* rwjoriJ abenild W juboitted to tb* 

5*b* ktneral'* /-dvi**ry Coocittoo, £.213L C. etrviid cot do tfcct 

tij ^ # '** wul-d fcdva to bo yvc*ontcd thxoufh 3r ac r a ted 

VI U| 3 a or tote other olwxnci-. T. 2 . 2 ..C* trs tryin* to Jcaop 
i??r 3 iciJ to 3.C.<L C. on tho bLjbcat 3 a is nc lfi 0 pia-oo xnd 
_nj- over bteJe=a_rda to avsLd. cny AypeerAGCC of pra»*fi 1 in< 

OR *ehalr Of* e^nufa-cturcr*. Ur. Hoy- fcoL* tbfi* 
lath baj car-Jcsd very wall ted U~t T.Z-L.C. ia bold ia 
«££S=4ti by S.G.A.C. than their ajvc=_jo aittt trine' ic.to 1out La 
•LLrtt tier.. Dr. Kecicatt bill £5 threuph tie 2a.ttollo 
W“ they hr.-rs r=o Lsts dir.tc th.a-u.jh's of data* ^.j V.Ln^ tjiX. 





XW^VL 

2 ' bi .-.a lsr.fcr ceceaairy va yet La *11 tvLler.aa W 
3.1.1.C. ':*/ JXth Jure. .'-LI tJs.t haj beta as' eel ii teat 

cv.TythLru; af a brar.d its rurt should be yet i_-. by *-Mt date -a 
*=■’ 'f LhJ season of ts? Ccanittee arc pair.* tc apcr.i tbo 
iu=*r saiA® xhroucfv ill V -5 cvLichee Liicwll. the tad af 
ia rstr t.ts Leal ciiLs-ite far cubLiee.aiin cf Lie report. 

- 1 - 
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5 r. Caserne, oho attended or tr.e rae-sa Hr -^ 1 «»* 

joci-atts a os Vc.'dl? sf she Sue jeon Cercrsl, 3“ :ci shi* the 
ai^hs cc published cither lata this year or early in 13 

Vials by C/r ■ tittle d Ur, Host-: to U.X. 

Hr. Koyt r=u proposing to tooSe a ace peafar 
% 

i SSlc sjpiriAff in. the tf.?L ibca-s let 3 c? tee cor. H* 

ti 

could fly La about Uorday, >rd September. K* 
that ?rc should tr-ias no fixed plans aa yet for the visit 


- 2 - 
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TEES FATE O T NICOTINE 
EH THE BODY 





b7 


E. Gciiabdhlir and C. Eaatlbach 


INTRODUCTION 


ri Lacnailag ivideaci that otcoUat li thi kty factor la 
>\iga lh« caotral Dirvovi tyrUsn, a earner of baat- 
jtobacco amok*. including It* action la tht prmKt 
i«i (Ltnoa Haag A Silvan* (1M0)). U addition, tfi« 
tUcalold appaara to bt Urtimataly eonntetad vith tht'>b'tnomnan of 
tooae«o habltaatlo« (fcolamnci) and/or addiction (l^araoo «l al, (1W0)). 
Drtallad knowladg* of th«a« tfJtcti of nicotic* In'th* body of a atookar 
U tbarafor* of vital Importance to lh« tobacco Lode*try, not only In 
coaMCtln with tbaLr praiint ataodard product*. bat al»o with regard 
to fatara potential u«« of tobacco a lkalo id*. 


• A 




Tb* rruaurwo* affact* of ale otic • La th« body may, at flrat, b* 
coavackiaotly tntarorad by vmriou* pbyalological and pharmacological 

• rp*rla*ou. Howtvtr, th* elucidation of tha mod*{i) of action of nice¬ 
ty* will ultimat*ly d«p«nd oa blochamleel aaalyaaa dialing with thi b«. 
haviour of tfc» nleoUai raolacul* on, and It* lot* recti on* with, th« iur* 
fact of pbyilologlcally activi, macro coo It culnr call coaitltuinu (tniytnai, 
















- 3 


receptcr-s^elc,). The success of such analyses depends, In turn, on 
(« of the fate of nicotine la the body, Le. of the 
■me which control the type had the rtti of (a) abeorp- 
ib^oa, (c) breakdown or transformation, and (<fl all- 


lean from the rrrtesr of Werle, Schievatbeln Spieth 
•rebenslve account of literature compiled by Larson 
lerouj Inreetifators hove already examined various 
of nicotine In the body. In tpit* of these efforts, the 
>m txLas eufflcleat to allow complete mappluf of s 
nicotine entering the mouth o i a emoktr. Many of the 
itioas were carried out with chemical method* which are 
aufh to detect the trace quantitfee of alkaloid Involved, 
tclQc to Aletinfgiih be ter ten nicotine and some of Us 
iucu (for eiaaLmpls the cyanofsn bromide reaction: 
>839); Wolff et eL(lHI); TsuJLmoto #t eL (185$}). In 
‘minicertain phenomena as a function of'time, the 
these experiment* very often did not take into account 
remely rapid rate* of distribution and breakdown that 
|ed from physiological irp«rlm»nte [Libel 4 Gerard 
(1853)}, Thus both blood and tissue Urals of nlco» 

'In terms of hours or tru days after administration 
(1HI); Wolff ct aL (1848)} Oant at aL (1M1); Tsujimoto 
4l aL (183$)), Snob interrale, while eBosrlaf certain deductions a# to the 
rate of* e limin ation of the alkaloid, certainly do act permit any conclusions 
»tth rsfurd to blood and tissue concentrations during the period of mein 
physiological activity. It Is only very recently that some aspects of the 
rate of nicotine distribution and breakdown, especially in brain tissues, 
hare been examined In terms of short time Intervals (SchmllerlOw L 
^Baaeson (1893); Eanssoo 4 SchmiterlOw (1993); Appelxreo #t aL (1WJ)). 
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Tba praaant report imairin* tud difeustas tba aaiaotial ra- 
rulU of aa ItiS^aaija inr* rtifatl&o dialing arith absorption, dirtrlbutioa, 
brsakdovo of (LsotopicaUy laballad) alcetiaa La human 

balnea tad yt l w aj, ; . Sines tbs cbamical aapact* of ticotiaa mstaboliam, 
modifications brought about \rj taxymatfc tranaform- 
|aai axtanaivaly axnminad bj McKaezvU utd his fro up 
L MeKaaalS (1 S3D); McXanalt. Bovmia 4 Turnbull 
izuds, Turnbull, Scb*urt* f TamakL 4 Bowman (1983); 
Bomui 4 Schwarts (1983): Bowman 4 McKaanis 
taa h*»* bsaa ltmUai to tba application of ma¬ 
le a on batwsan tha uachajifad alkaloid and major 
products. 

ttcrlb-a the prtaant rarults La a lofteal way, th* (•- 
:oUna In tba body of a rmokar La acbamatically Lodi* 
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a aehama, nicotine La carried Into th* oral canty 
tract by amok* particle*. A email p«rciau<i, which 
or ditaoWed La atll-r*, 0*7 ”reach tha atomach. After 
o ahaorbad by tha tiaaaaa Unia/ tha a a tract*. It ta 
circulatory ayatam (blood atreaml, which. in torn, 
variova or/ana and tiaaaaa o ( th* body. Thar*, tha 
• Lla dLtfaraot phyaioloylcal action*. wharaby Ua 
out ayatem appear* to ba of prim a Importance. lo 
eepeclally In tha liver, which la tha m*ln detoxi* 
ody, oics tin a la atruc tor illy modified (broken down) 
ma. Tha bulk of breakdown product! u wall u tha 
remaining nicotine »rt than nnwad from circu- 
■ and alLosinatad from tha body by urlaa. A a mall 
vLnda may aithar ba aacratad from th* llrar by tha 
tha body by tha LnteaUnal tract, or It may ba ramoved 
the tallvary and awaat flanda. 

Thia aequeo^jt of the rarlouj phenomena will ba mora or lea* 
followad the reeulu of the preaent lov**tig-atton- 


REST7LTS 


Amount* of nicotine ahaorbad la cigarette amokln/ 

Tha ahaolnta quantity o i nicotine ahaorbad upon a mo kin/ of a 
■ tafia clyaratte depanda (a) on the nicotlna praiant In tha tobacco, (b) 
on tha amount ot alkaloid traeafirrad Into tha main atraam amoka (or 
tha amoka drawn into the mouth by tha amokar). and (c) on tha par- 
caau/a of main *tream»nieoUne abaorbad by tha imokar. Thaaa fac- 
tora hart been examined 00 a rtpraaa&taUva number 01 co&firxnad 
amokara by applytnf more refined and atandardlaad technique* than 
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w*r« n**d by prtvlou* Lor •• Ufa tor* (for technical detail*. m 

Appootfl^, 


tad four lam 


of abtorpt 
tad drawT 


a. c.j ttU 

• mok*r ii 
J.Pl.) r«j 
them 


wplof busun sohjact* lav*itifat*d consisted of ala nul*• 
iIm of wryta| ■molda< bahlU sad hUtori** (««• TahU 1). 

|^«rl*s of tiptrlrMBU, factor (c), L*. tb* poresnttf* 

. d#ttrmlnscL Th* t*a *ubj*et* smoked ld*niieal w*Lfht 
ilf*d clfvrttU* which had b«*a fortified with (mtthylJ-C^** 
iPpan unrat* *. This p roc ad or* allowed aaaly*!* by chemical 
§g|t|j*-checking by mdlo-lsotop* d*t*rmlnatioa. Th« r**uHs 
1 in Table 1. Good afr*«m*at between chemical and Isotope 
IPSjas obitrrtd. Th* data d«moartral* that th*ptrcsntsj* 
varied wit hi ft wld* limit*, ran fin* from 30 H Us 90 % la 
$££j|i draws Into th* mouth- Th* two aoa-inhaUre (W, S. and 
jdj 42 % and J2 % r**pectiv«ly. Whereas th* msJoHty of 
inhale. abaorbtd mor* than 10 %. two subjects (P. R. and 
SS^i considerably balow this l*v*l (40 % * 50 %).‘ Both of 
» v 'i|nok* Immediately aft«r LahaUtloa. 


Tte»e rtjuu demonstrate that th«r* 1* do distinct limit sepsxat- 
inf lahalpPPlPficn noo-iahal*r* with r*r*rd to th* p*rc*&U|« of nieoUo* 
ah »orbys tb* whole jroep of inhaler* arerajed IS % absorption, 
two ladl^ldulila r*uia*4 oo mon alkaloid than on* of tb* doc- inhaler*. 

It r*m*i|iPejHli determined wh*th*r a fl v* n perc*rrtif • dr aieotia* ab¬ 
sorbed &7 a auo-iaJuisr Is pbyslolo fie ally as acUr* as th* sam* percent¬ 
al* absorbed by aa inhalar (*** *llmiaatioa «xp*rim«nU for further In¬ 
formation}. 

la a second »«rl«* of experiments, th* luu technique w»i applied 
to mnarar* th* mrt|t quantity of aieotia* wbleh 1* transferred from th* 
eirar*tt* lata th* itrius smoke by *acb individual *mok«r 

(factor b). In order to determine th* actual * m ount* of aieotia* which th*y 
usually draw into th«lr mouth, th* robjects this Umi smoked th«Lr rsfu- 

• AH radlo-*cUv« nicotine y**d in th* pr«**nt Investifation wa* Labelled 
ta th* methyl-position. 
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Uf bfrwjad^: 1 gare tt e *, Smoking tu carried out according to individual 
ba^jPrWu Nfird to puff-rate and -velum*, number of puff* per 

S tod leogth of cigarette smoked. Tb«M measurements »<n 

by analyxlng the different brands Of cigare tt e e for th*Lr nico- 
t ** (factor a). From these date and th* absorption pwreant- 
above, lb* itin|« quantity of aicotta* absorbed by 
open smoking of one elgtretta lti determined. Th* r«* 
ruft* arepr** ented graphically la Fig, 1. They demonstrate that th* 
quplS5i*i| of atc<3tin* drtn Into th* mouth by Individual imokiri were 
■tWtoe.riflt. ranging from about 1 mg to more than S mg par 

These amount* of nleotin* transferred Lath th* mala stream 
stiro*^;do,not parallel the nicotine content of the various cigarette*. 
btiPffpiP|otiy are due to markedly differing smoking tab it* of th* sub- 
except for the two non-inhalers, individual amount* of 
aicottn* ebiorbed are much more affected by the quantity of alkaloid 
tr|g§|$Wrtd than by the percsuing* of absorption. Th* abaolute quanti¬ 
ty H absorbed per clgtrstts vary between 0. 5 and J.S mg. It U ini#r*#l- 

Wg to nol^ that both ooo-inhaler* compensate the low percentage of tb- 
a relatively high rat* of Irenaftr. 

P§i§pii| average daily quantitie* of nicotine ah*orfe*d by each smoker, 

from the data Ln Flf, 1, are presented In the Urt column 
of Tabte\. Four of the ten smoker* (3 malee, 3 females) aheorb amomru 
of nicotine th excise of 10 mg each day , four of th*m consume approx. 

*0 mg, and two of th*m get smaller quantities. 

Threw of the subjects Lovertigated (C. H., P. F. and B. O.) had 
already participated la earlier experiments. In which daily nicotine 
coosumptioQ bad been measured b 7 a completely different approach. 
la these e rpertmeou, th# average daily quantity of nleotin* eliminated 


•) Analyte* carried out by th* R**#arch and D*v*lopm*nt E*tabli*h- 

m*at, The Bruiih American Tobacco Co. Lid., Southampton, England. 
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La the urine tu multiplied by «. factor of ub ajramin/ that tpprax. 

10 % $N£* alkaloid abeorbed had tee a «11 ml ruled chemically un- 
ehu^^^P^Atiala (1090)}. The*# earlier reruii* are alao included 
la Ta^X* 1. They ifn• quite ■well with tit* data obtained by direct 
ab a o rf tl*»~nj|4ly*l*, 

up of rub)ecu parUelpetin/ In Ute elimination-type ex- 
la ted 0 i 21 tadiTidaal* (all malet). Their average 
cotin# ahaorbed per day. a* calculated front the quantity 
td^aliokloid eliminated la the urine, are abowu In Flf. 2. 

ahea between inhaler a and non-Inhaler#, and bet- 
«mo kin/ more and tboat a mo kin/ laaa than 30 clyvratte* 
or the fro up a* a whole, the dally nicotine conaumptioo la 
rdar of ma/nitude aa that of the fro op which era* «ub- 
abaorptioa measurement*. A/ain, the Individual 
old absorbed vary within wide UmiU, ran/laf from 
to 70 ttf/day. Howevar, there la a dirUnct difference 
■ cnokera (30 and more el fare tie a/day), who, with one 
• orbed poort than 30 mf/day, and medium to Llftrt ■ mo - 
30 clfarattea/day), the majority of which consumed 
’mf/day. Furthermore, none of the non-inhaler* aheorb- 
33 m/ of alkaloid per day. 

II male subject* lev • a Ufa ted durlaf the ell miaatloc-type 

experiment*, 11 amoked eon-upped, and 10 - adhered to flllar-Upped 
clfarettea. Comparison of the taro froupa tbowe that the former ah- 
•arbed oe the rrera/e It. > mf, the Uttar 17.1 mj of nlcoUne per day. 
Statistical evaluation ahowed thLa difference to be ei/mficaat (proha- 
winy of error >t ■ <23 %). Althou/a nicotine traasfar could not be 
toeajrured la Uveee exp-erLmeola, obaerraUotu Indicate that di m tafhed 
ahaorpUoa upon regular amokin/ of filter-clfirettaa te due not to the 
efficiency of filters la remcvt&f nlcoUne but rather to differlnf amok- 
ln/ habile (eapeulaUy 1 ■ rtfarU* the aver*/* lea/th of ei fare tie emoked). 




Mi d/rgrO f^apQ/fMW w. 
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Teble t 



Smoking biMU of tan Individual e molt* re and their ratM Ofj&C^ 
liod«r alandttitlMil imoldn| condition* (for detail* 



•biorptlon ee determined 
•a* AshiuUiI 


Subject 


8*x 



C. M. 
P.F. 

J.P. 
F.TL 
W.S. 
If. 0. 

I. a. 

B.N. 

J.Pf. 

II. F. 


m 

m 

m 

m 

m 

m 

f 

f 

f 

f 


24 

23 

23 

22 

28 

16 

33 

ie 

it 

is 


45 
27 
21 

46 
20 
23 
20 
18 
19 
31 


1. 

I. 

1. 

0. 

n. 

I. 

1. 

1. 

1. 


•7 

00 

03 

41 

41 

21 

II 

77 

38 

03 


63 

86 

04 

48 

42 

23 

BO 

70 

42 

08 


at 

01 

47 

22 

33 

33 

73 

21 

10 

82 


HI story/habitat Y • yaare of continue** amoklng; D ■ daily consumption of cigarettes: 

T • type of amoUof (1 * Inhale*; »• doe* not Inhale, according to smoker'* opinion). 

Nicotine absorption t #jq>r**s*d la % of nlcotln* in main stream amok* (c • chemical: r - radio* 

. chemical analyele). 

Dally nicotine consumption t a) Calculated from ebeorpUon data obtained by smoking regular brand 

cigarette* under alaadard eondltiona. 
b) Calculated from analysis of dally quantity of nicotine eliminated 
in urine (multiplied by a factor of 10). 
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Distribution of nlcotin# within th# bod; 
circulatory ry*t«m 


primary phytioloflcal affacts of ihi particular quantitias 

S i art absorbed upon smoking tbs mafnltud# of whleh 
.sstd In th# fortfoinf section, dtpand on th# ratai with 
Ukglold la transfarr*d from th* «lUa of absorption Late tb« 
SP^nd tubirquonUy distributed to tbs various aitss of action 



S iam azparlaanis, tbs rata of distribution wtu datarznlnad 
4io*tctivity in blood and dlffarant tissuta a# s function 
ravenous lnj*ctioa ot C**-nidottn# diplcrat* (rasuUa to 
>|d ip tbs praaant a action). 



f«r*eaJ«rtnfaf 


oa inoa ts ratss of traasfsr from tbs absorbing wtrt 

d by comparing distribution data altar intravenous ad- 
•Uj theaa obtained upon pulmooar (and ft Uric) absorption 
alkaloid (raaolta prsstntsd In tobaaquent taction}. Slnca 
’ tract amounts of radio-activity In blood and tlasuas of 
bine* v»» technically not faailbla, dlrtrlbotioa- and traru ■ 
u wars earrlad out on laboratory animals, 


H i* l^idant that lb# antymattc breakdown of aleotia* Ln lha body 
,Vtru sitar absorption (Warla {1938}; McKaaals (1980); 

Hina a on k SehraJtarldw (1983)}. In ordar, therefor#, to measure th# 
actual coacantratiooL of th# unchanged alkaloid, th# total radio-activity 
recovered from blood and liaauaa bad to b# fractionated Into alcotin# 
and breakdown products. 

A first #arl«s of experiments was carri*d out on ana#ith#ti**d 
vbicb war# injected wtlb small quantities (0.1 * C.3 mf base/k^J 
of C -nicotine. Blood l*v*la of total radio-activity and uacbaayd nico* 
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tin*, t-a 







obi erved la.ft typical abort-time experiment, are ihcrm La 
l). The cur-re# iimoutnli that the alkaloid m very rapid- 
>ed trota the blood itraim, more than M % o< tha radlo-activ- 
lad having disappeared la lots than S minute*. Than the curvei 
off, and forth*r removal proceeded at a much l«r*#r rata. Altar 
r obeertatioo pariod, approximately 3 % of radio-activity la* 
ira rtili preeeot la tha blood (Fig. 3 (b)). Fig, 3 further da* 
ia> that alcotla* au brokan derm la tha rabbit body at a high 
a minute* after Injection, only about 30 % of tha total radio* 
:lrcul*ting la tha blood rapraatattd unchanged alkaloid. • A/tar 

do mort nicotine erae detectable. 


Total radio'activity is various organs (axpraaaad on tha basis of 
%Ma^g5» t<r) a/tar various tlgw LaUmli la a bom la Fig. 4. Tha re¬ 
sul t* dem oostrats that S minute■ after Injection. tha concentration of 
fi|if«li|tiTtty vu much higher In brain, liver,. lungs, and especially 
la^^teaya, than In blood. .At later time Interval*, the difference* bad 
|mi l B l a m ed; however, thera *u atlll mart radio-aetirlty la the 

S orjane (Liver, kidneys, lunge) than In the circulatory fluid. 

muecle tieiue, total radio-activity me found to be about 
1 io blood at all time Lnter-rale examined. Label recovered 
depoalle (adipose tlaaue) was extramaly email, tnuantlnj to 
v> tjora than 10 V(oa a weight basis) of tha concentration* measured 


Total radio-activity recovered from varioua organ* eras further 
fractiooaud by homo fanning tha tieiuaa, precipitating protein* and 
extracting tha supernatant with chloroform (for detail*, eee Appendix!. 
Radio-chromatogram* of the concentrated chloroform extract! regular¬ 
ly revealed two compound* (nicotine and cotininth and epo radically a 
third one (moet Likely hydroxycoUnine). Typical radi o-chroma to grams 
presented Ln Fig. 8. Theae chromatogram! ware evaluated quanti¬ 
tatively La order to determine the relative quantiUte of the eubetancee 

detected. 
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Tha raaulu of a typical aacjxrtmaxrt ahowlnf tha ralativa con- 
cmiration of nicotina and Ut* chloroform-aalubl* breakdown productf •) 



») 


ii u i function of tima iri ahowo In n<. $ . Thirty 

Uoq, nieotina ru mora abaadAsl than ectinlna La 
ad. After 10 mirroiaa, tha conn antra tloer at lha two 
about aqual* .axcrpt in kidnaya and lan*#, whieh ttill 
nicohna, T-ro boar* aftar tdminlttratloa, eotUhAa 
nieotina, Altar alfhl ho art, tha two orpju whieh 
nt radio-activity to b« IraottonaUd (lirar, kidnaya) 
nieotina. On tha otbar hand,, .both eeatainad maaruTabU 
roxyeotinina. It crufht to ba m ami on ad that tha chloro- 
ctioa'dariTad from ttiraaa eomprirad only 40 % - 80 % 
o-aoUrlty, tharaby Indieatin* tha praaanea of braak- 
t artrtctad by thLa aolyant. Tha pare an Ufa of tha 
labia fraction fanarally Ueraarad with incraaainj 
Eowavtr, aran 80 minutaa aftar Inaction, nleottaa 
o-chroma toframa rap rat an tad do mora than SO % of 
ctlrlty arc apt La kld-nayt, la which It comprlaad SS V 


SdTarT^ha raaulta of blood and tit rut analyaaa daoooatrau that 
upon t uk Lat oftdBc tip a into tha circulatory ay rum, nlcoUna La immadiauly 
partmo pad bary aaa blood and ttaanaa. Thla parlod of parttUoninf, 
which i^PsfPillaud 67 tha Ural, rtaap part of tha e one aotxati on - rt - 
Uma cu ^^ . j), u urxninatad within a far mimrtaa la rabbiu. 

In tha tfarota, hleoUaa la asrymaticaZly modiflad at Turioua rataa. Tha 


furthar cone a strati on of tha alkaloid tad ltr bra aid own product* la 
blood appaara to bm fowarnad by tha rataa at which th *7 art ralaarad 
bank Laio tha cicala.tory ryrtam and/or tha rata with which th #7 art 
ramewad from blood by tha mrtour all minatory machaniama. Thla 
J*rtod, which ir rapraaaatad by tha aacoDd, flat part of tha eoncam- 
ratloo-Ta-tima eurra, lartt mora than I bo art in rabbita. Ar rafarda 
tha rau of anrymadc braakdewo of tha alkaloid, tha Uaaua analyte* 
indicaia that La rabbita, iU half-lift la do mora, and In torn* orfana 
avan laaa, than 80 miauua. 


•} with tha haptana-aitractloa procadura oa*d for blood, braakdown 
producu (tipaclally coxiaina) could not ba maarurad. ThaLr abianca 
in Tifi 5 and I la tharafor* without alfniflcanoa. 
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Th« arparimenta diaeuaead «o fir ba.ee been concerned with 
quantitiee erf niectLaa adminlaiared. It remain*! to be determined 
or not the picture of distribution and breakdown U dmatieeHy 
ad when injecting higher quantitiei erf alkaloid (differing by a fae- 
£*t Uut 1 : 10 ). Thia aecocvd a aria a of experiments tu etrrlad 
Jualag the Isotope dilution procedure. Fig. 9 (c) damonstratee 
1 elfnificant change Ln tbs pattern <rf partitioning oecumd trpoc 
^bc at a higher quantity of nieotLB*. On the other band, significant 

r c»$ la tha concentration of unchanged alkaloid vara obaerved 
iacond (flat) part ef tha curve. From Ihaae data. It appear a that 
fchaalana regulating tha flat portico of tha blood concentration 
^breakdown ead/or elimination! became aaturated. 


Thia assumption was eupported by Usage aaalyaaa (Fig. 8). The 
ahow significant difference* la tha compoattloa of tha ehloro- 
m^tolubla fraction 10 minutes after administration. For example in 
liver of th* animal having received tha ioweat dose, tha eonceotrat- 
coUalne *n much hifhar than that of nicotine. Tha opposite *»i 
V'tir the animal Injected with tha highest dose, animal whoa a liver 
ittljn*d much more nicotine than cotiaina. Essentially tha iun< 

nj found la tha kidneys and brains, whereas tha lungi »bo»»d 


l^jTha results clearly demonstrate that with tha hifhar doaa of 
Injected. accumulation of tha alkaloid occurred ln three of 
the four organs lav a ati fa tad. This phaaomeaon may only ha explained 
by aataratiou of tha breakdown and/er excretory mechanisms. 
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tht COOCtAS 

therefore It 
with which | 



Tht Influence c/ tha abeorblnf ttte on the 
petttru of nicotine distribution 


l erperlmaot* have bean cone*read with tht di rtri- 
ad It* accumulation La duuu octet it bad bate lotro■ 
I rtrt tm. Whtn it* admlni rtratioa. it carried out Ln 
^mutcui, Intramuscular, rastro-Lnttitinai, ale.), 
r the alkaloid la blood u a function of tlma, and 
n of diatrlinxtioa. bacomti dependent oo the rates 
lold la absorbed by tht particular tissues and rub* 
Letto tha blood rtream- 


In rtepllf the practical importance of present and possible future 
M of cd^^^^m&sunptioo by human beLoft, tn* prsstot investiration 
baa been cfjj^rasjl with a preliminary study of nlcotins uptake by the 
stomach aj^^^^^oora extended experiments dealing with tht rata of 
absorption ot^^tlkalold In the respiratory tract upon smoldnj. 




tbat Lba abeorptii 
to tht hlthAewee-faj 

<1*40) U^plui 

caaaud 

eeleraisd. 


>fteal and phyuiolo jtcal experiments have already shown 
4 of nlcotina by the stomach mucous membranes and its 
ft into lit blood stream proceed at a ilov rata cwLa{ 
^oodlttoos prerailinj Ln the Ho reach earity (Travel) 
on Increase of the fartrie pH, aicotint apparently par- 
luy since ita effects ware more pronounced and ae* 


If* our knewlndji there baa bean no systematic UrrertifitioA of 
th * f*** «f transfer wt nicotine after abeorptioo of tobacco smoke in 
U * rt *p4ratory tract. Tbare are some preliminary observations in- 
dlcatlm that the free alkaloid, whan administered in • vapour or mist, 
penetrates iun< tlxrut much more rapidly than do ltd sails (Larson 
(1(10]). 
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ifi Lb* prtatat «rp*rl£3«sti, dietrlbutioo iftir fartric tbaoration 
vu tollo^Mg^f t*r introduction o t C^ ^-nicotic# hydrof*n tartrat* lnvo 
th* bu|»r*d *lom*ch lum«o of rabbit*, for Lnv«*tigatlaf pulmoaar ab- 
lorpUgo; thf^abblt* w«r* *aepa**d to tobaeeo icook« fortified with th* 
SabtU^j^^yid. Thia amok*, which *u (tunu4 t >7 baring an**ith*U**d 
*aimJU*piar<^gir*tt«« by tb*lr W*m r**piratory activity, waa introduced 

trtthu ({or d*Uil* of apparatua, im App«Ddlx). Th* coo- 
>*etivity la blood aod ti*ru«i *u followed U th* a*m* 
w*y u : in prtvjioy* *arp«rim#ata. 


^J-L5t? Ea S i * r *‘ blood l*v*l* of total radio-activity and un- 


*« h an g ta^meirSid arur g**tric and pulmonar *dm±oiatx*tioa with the it 
^b«*rv|i^t*r_intr*Y*nou* injection. Th* data dtaoturtrat* that traaa- 
%«r of th* blood from th* atomach proceeded at a low rat* 

C ' r<B condition*. In addition, th* p*rc*&tag* of radio-activ¬ 

ity rtpriaamlij unchanged alkaloid dropped to a low J*v*i after a relative¬ 
ly «hori< j i^^tot*ml. 


C^4>**««ih*r hand, nlcotln* m rapidly lr*jn*f*rr*d Into th* blood 
*irt«m^ift*r jjAjoi-pUaa from tobacco amok*. It* cone nitration In blood 
ia t«rtdPwTfi* total quantity abaorbad cam* cloa* to that observed a f*w 
tainwt *^^^^ ltr ' v «o o, J* Injection. 1- 1 . at th* point wb«r* partitioning 
c( i JO*^ t*d jguantity waa tarsnlaatad. It would appear that upon amoklng, 

h*eoilaj^p|pj 3 l*f trft< l Into th* blood rtr*am at a rat* which 1 * cloi• to 
Uul »bleh th* alkaloid It partitioned. 

regard* th* concentration of radio-activity accntaulatliig In 
varloo* tiatu**. It »u observed that upon gaatrtc absorption, radio¬ 
activity ni r«ry low la ail organa examined except La th* liver, Of 
particular lnt«r« »t 1* th* fact that brain conetotratioa* stayed r*ry 
lor during th* whol* dgrttion of th* exp«rtm*at, reaching no mar* than 
• bout S % &{ i« v# ] ob*«r**d aftar Intrevenoy# injection. La addition 

‘a th* dlfficulu** (& getting aleotia* aero** th* ttomach aucou* m*m- 
brtnn, u appear, that th* particular locatioa of ih* atomach favour* 
ih* dir tCt tf 4ftJ p 0rt 0 f til4 alkaloid to th* Liver, whir* It la »«taboU**d 
*’ * Mgh rat*. 
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l«r«la of aieotLn* ud chloroform - aolubl* braakdow-n pro¬ 
duct-* * 3 xnlsutaa) aftar amoklaf v*_§ rioppad (ri ibovn la 

Tig. ^jpjfiaa r'trolu damomitnt* that eoDeantr*tio«4 of radio-activity 
la (iroi of tia quantity adaorbad vara eomparubla to iboaa obaarrtd 
•fur inaction. Of particular Intaraat U tha hlftt acc umula te 

ioa of iaSarLhiLba brain. Tha data farther ahov that braalcdovu of tin 
•ikaio^la^^raady ataricd within tha short period of Lnvirtigatioa. 
Radio 4S£&)|RN0i raprtaaottag malaholita* vti aapaelally hfjh la tha 
Luagi,’thtr*by< indicating that than tubataaca* had cot baaa carried 
to r««Jali|wylti*auai by circulation, bat that th« organ had activaly 
tbalr formation. Thar* La a dlfftr««• batvaaa rtbblu 
wd rtgardi th« raUtiva aaaounU of qnchanf td aJcotiat and 
Jjaataballul rtcorarad from thalr lunfi, Indicating that Individual 
^rtatiwSRirtla rata of braakdovq may occur. Total radio-activity 
prai*ajg$gjg g g ff| iinrs at tha and of tha smoking parted «u of tha ordar 
of 4 of tJfagjmianuty aha or bad, which fact furthar damooatrataa th* 
r *P id aact of nicotln* from thla titaua. 

SuSc^fajid tiaaua analysts cajrlad out during and aftar arnoUng 
* ho,r 10 1 ^* or PtiOB through tha atomach, nlcotina prt* 

• aoi la?amok*particia* la rapidly txanafarrvd through tha pulmoiur 

ttfamhr^^^ica It haa satarvd tha blood atraam. It It diltrtbtttad 
IU ** according to tha pattaro aatabiiabod La tha lor* going 

• acUotu 


(••.7 s 
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rUxoiattion of alcotlet tad lt« mitiballlii 

I^.iSp|jj!hao&a which b*Tt dtalt with tht txertttoa of aicotLn* 
tad lufiftaJoiowa product! tr« eua trout (Gan* tt eL (1PJ1); Baaatt 
tt tL @H954};^vta 4 Uriae (KSII; Truhaut 4 dt Cltrcq (193 9); 
McKtafcy^^ ^ >); MeKtaol* «t aL (1961); Huiiob 4 Sehmittrlaw 
(1962)); Thatalartttlfttloo* hart bean carrttd out on buiota baiop 


(imokt^j 

eludla*| 



prwo-taoktrt) tad oo * warlatj of dlXTtrtat animals, la* 
rabbtu, rtu tod diet. Thtrt U (toinl ifTM- 
iteubiuac*# art allmiaattd mainly throufh tht urlat tad 
oy of tht total or urlaary tUmioatioo product* rtprtitot 
^^tlot. This ptrctnUft of uaeba&ftd oicoUat appears to 
it pH of tht urlat tad alio with tht dot# of alkaloid ab* 
Mf£ Larson (1943); fiaatran tt al. (IP47)). 


T |ggg|ga lctl tlmcturta of tht mtubolitt* which to far bare 
bttc ItoLattdyrom human tad dof urlat by McKttmii tt aL ladle*.tt 
um pathway of alcotiat brtakdow-n it quit* limlltr la 

th,,< (Bowmea 4 MeKtaalt (1962)), Tht xattaboUe routti 

which apply toj>am*ni aad dof-i appear to bt applicable U pert to ottsar 

•' *i* (19S9); McKa&nl* tt el. (1 962); Htaitoa 4 Schmlttr- 
*** (li yiy y, rtport of Truhavt 4 dt Cltreq (1919) datlim with 
6ico(ia»m^uSSu*ta oa rat*, breakdown product* (ttptcUlly dlhydro - 
beta dttcrlhwd which tugfttl tht posslblll^ of 
Lm portent Lctr tmtmm a ll to tp-tcit* difftrtaett. Bowtwtr, theet n- 
tult* here act to ftr beta rubetamiattd by olhtr authort. 

A email perl (2 - | %) of tlimiaated product* lurti tht body 
with tht faecal, and tt appears that thit part la compoted «( rubtuaett 
• tertud by the bile, by lalirery fUadt tad by tht tlomach or latttrUatl 
eatmhreat* (Htnetoa 4 Sehmltarlhw (19621). Bttldt* thtft art torn* 
indication* of rathtr Ladaflaitt aaturt that a a mail part of nicotine la 
t«r«t*d by tht awtat f Laad« (Lartoa tt tL. (I960)). 
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Mm( recent elimination experiment* her* bat a carried out with 
jicaOly labelled nicotine, and it U evident that the percentage* of 
-«£g||| 7 , Let term* of the quantity adminie tertd, which ax* *x- 
pl£ thif urine, la faecea or by nay other eli minatory ntcbuiim, 
dcn'th* parteular position of th# labelled atom(a) on th* alkaloid 
:ufff rpr example, more than 90 % of the activity of randomly label- 
ki^avu found to bt eliminated In the urlnt (+ 2 % la fate#*) of 
vb«rut with th# compound Ubtlled In the methyl 
t ra M &tft i ^ ry * 11 mlm Hon wt* of tilt ordtr of €0 % • 70 % (+ 4 - 1 % 
fetcte). Moreover, between < and 10 % of radio*activity derived 
l»l|i«ier compound left tht animal body at radio»activ* COj with 
gggggggfir (Gant tl aL (1M1); Beanet at al. (1854); McKeonU «t aL 
Ucl9i3); Kaaaaoa k Schmlterldw (1962)). 


v U lUJXiLfi. 


prt*ant txptrlmanu, elimination of radio-activity Ln rau, 
llmoker* vu compared In ordtr to obtain toai indication* 
Eflartact* which BoifUt axiit with regard to tht rat* of 
“tha pathway of elimination and tht rat* of breakdown of 
iddidon, «Umjnattoo of aieoUn# and breakdown product* 

W a different phyaloloflcal ditpoaltion toward* tht alkaloid 
|ttd, Finally, urinary removal of radio»*ctivit7 by «mok*r* 
f with regard to pot tibia reUUonahip* between tht average 
acotina abacrbtd and th* rat* of tlimination. 


F<Wt*ST^-dio-activity tlLmlnatad La urlnt during a 30-hour period 
,v,rA f*d li ♦ 1 % for rabbit* and I? + I % for rata. In human baing *, 
»hlch had abiorbed the labtUad alkaloid by tmokiAf cigarette* forti* 
fl*d with C -nicotine hydrofen tartrile, the radio-activity elimiaaltd 
in urine within 30 hour* varied within wid* limit#, ranging from Itta 
than 10 % u more than 90 % In term* of th* quantity abiorbed (Fig. 11). 

10 demotutratet that thtre L a no tlfulfleant difference between 
the two ani m a l * and between tbe*e and emoker* with regard to the 
ftl* of elimination (total radio-activity eliminated per hour), peak 











aiimlnalloa occurring within th* flrrt tour aft«r admlalttrattoa. Eli* 
mloAttoo of total radio-activity wii lomtvhtt d«lay*d la rabbit* 
[mirlffium b*tW**a I Ifid 4 tour*). Ho»IV»r, It *pp**r* that thJL* dl- 
do* to th* antidlurattc »ff«t of th* iaj*ct*d alcotLn* 
fl. 0 l&i/ki), which almort rtoppad urinary flow during tha flrrt boar. 

In fbtet, It ru found wUh irvtral fToepa of rata, which had ractlrtd 
JJgjycof/k| of UieaJLoid and whoa* urinary flow had not baan **cur*d 
'by pr|or adminiatraUeo of larj* amount* of vatir, that th* rat* of radio- 
H&sgi&y all ml rut ad btcama dtpradaat on th* rat* of urination. With 
|Mri, no auch corralatioa b«twaaa radio-activity til min* tod and 
rat* qf urlnatioa wa* obatrvad. 


... , , 







J ];[ ...^Furthar fractionation by radio-chromatcrnphj of total radio* 
WvBy tlimlnatod La uric* rwraalad a Bumbir of iabtiltd compouadi, 

^eaa of which corr*»pood*d to the*a d*«crlb*d by KcKaanli *t aL 
illppiajjal chrematoframj of fractionated rat, rabbit and imoktr'f 
art ahowa La Rif. 9. 

^sgp^UrLa* eoll*ct*d from rata at variotu titn* intarrala aftar in* 
3*fctio<h r«yularly coataiaad thr** labalUd compound* whoa* aolubllity 
--**d-'<^iirom*iofrapMc bthawlour La mriou* aolrant tyatam* coma pond ad 
10 Ha l l ^ authaatic caxnplaa of oioottna, cottala* and hydroxycotjnio* 
^nadltion, chromatofraphy of ucprocaiaad rat urlna normally r*v*al*d 
lip§l§|midiaiia*d paain, oaa of which tu particularly pro m in* o t La 
. 1 ■ and I-hour) a am pi* * (•** M(. 9). Thia paah could not b* 

into chloroform undar *4th*r acid or alkalis# condition*. 
Rvthamor*, iu Rf-mla*i did aot eorrarpood to thoaa of authaatic 
T-(I*P7Tid^il-T«matb7i*amia<>trtrtyTic acid, which compound ru 
f»«nd to b* an airly bra aid own product in do j urlna (Bowman at al. 
(1M9)). Babbit urint contain*d nicotin*, ootlAiaa, hydroxycotinLna 
and at Uart fir* ualcnowu caatabolit** which war* twt furthar txtmla* 
ad. Total radio*activity La urlna of itooltri "ru too low to ba ana* 
lyiad without prior concantration. Samplaa war* thara/or* arcractwd 


Tl't kut h°f* art vary fTttaful to Dr H. MeJCaonli Jr.. Daparonaat 
of Pharmacolocr, Madtcal CoUag* of Ytrfutia, Richmond, Vi,, USA^ 
or ^ •vpplyUH aamplaa of a Dumbar of nicotin* maUbolitaa. 
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with chloroform under tHemline conditions, and the concentrated 
CHClKsjnrtCt subjected to e hro mate fra pfay. This fraction, which 

conp^^^rritQ OS % mod IS % of the total radio-activity, iftis 
*how« nicotine, cotiaiae and hydroxycotiniae. Sporadically one to 
two effta^amd ■ ottfled peaks were observed. Eased on these qusil- 
uUv*^^^j|||to|Taphlc results, total radio-acUrlty of the various 
urine collected from rabbits, rats and raw tars was divided 

Into r p ffi sp ^ vjfr repreietrtioj nicotine, cotiaiae, hydro xyootinine 
and whereby the unknown fraction from smoker's urine 

was by the chloroform* Insoluble labelled material 

| JH|i 13 compares the three species with regard to the avers|« 
|comp ^l^fl^ai f total radio-activity eliminated Ln arias as a function 
of Ua^iShUaTi amounts of nicotine and metabolites all ml as ted 
at the^^^^ time intervals, especially shortly aftsr admini Strati on 
(5-hour «e|fejii*s), indicate that breakdown of the alkaloid was sllfbUy 
mo ™|l§lwU4 rtbblt* than in rats and that the metabolism was slower 
la snmkAM^tbAn to either of the two animals. In addition, the data 
• bow that thele otinias - hydro xycocLnias pathway was more prominent 
In raijsSiplEnn Ln rets or smokers. 

fATSHir species diflsrancs between rats and rabbits was ob- 
• ,rT ^|3^|^«rwd to the percentage of radio -activity eliminated as 
respiratory C i4 Oj (rij. l». The shape of tha elimination carve 
(radio-activity eli m i n ated per hoar plotted against time) was found 
to be aixnUar for the two animals, peak concentrations occurring 
wlthia the flrrt three hour* after ad mini strati on. However, In terms 
of radio-activity Injected, the percentage of label eliminated In lbs 
•npired air was considerably hLfber In rabbits than In rats. It would 
therefore appear that aither the dameihylatien of cotintne or the break¬ 
down of methyinmine, both of which presumably are Involved in the 
formation of labelled COj from (methyl! -C^-nicotine (IdcKsnnis et aL 
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(1951) (l962)3, 1* ■* kon Important pathway ta rtbblu thaa la rets. 
connactioo tt U latarastl&f to ooti that B«vmu l» VfcKannia 
r®63^ war* uoabla to (Lad dsmatbylcottnLaa La human aria* after ed- 

4 traUon o/ oicotiaa or cottnlna. Thata rtrolLs Ladlcata that da* 
UUoa might ba much lu< important La rmokira than la althsr 
or rtu. 

jFurthar elimination axparlmeot* war* carried out oa rmtt baaing 
trant physiological dispoaltjon tovarda nieotina. Tolaraot rata, 
||g |apj£ pimal» shoving no phyxLolaglcal rarponss to a fives nleotma con- 
[ e^ritrtUoo La tha pivoting last, vara obtained by prolonged axporura 
alkaloid. Tbara m ao dilfsranca batvaan tolaraat tad control 

e u vith regard to tha rata of ortaary aUtnlnatioo of total radio-activ* 
^^o»«var, thar* vaa a dlffaraoc* batvaan tha tvo tyjni of animal* 
ralatlva imounu of nicotine tad matabolIU* which thry aUmlnat* 
•Sorely aftar injection (Fig. 14). la 5- tad l-hour mrlnai of tola rant 
'tha rslativa amount of nieottt* vat considerably *mail*r than In 
“••tad ooaa, tha ra by ladle sting that breakdown of tha alkaloid m 
^rapid in tha forma? animals. In tha asms axpertmant* It vai ob- 
that rats (controls aa vail as to la ran l animals) ahoved a dls- 
:t tax dJlfartaca with rafard to tha relaUra amount* of aieotlna 
iaubollta* aliminatad, thus nfjirtlfi/ that mala* d«torLfy nico- 
>r« rapl41y than ftmtlaa (Mg. 14). 




A. number of preliminary axpertme-Ct* vara conducted In ordar 
to determine whither similar diff*reacts Ln tha rata of breakdown of 
hieetiaa existed La diffaraat type* of rabbits. That* degradation ex* 
parUnanis vara carrlad out with a lirsr microsomal rystam vhich 
^ according to tha mathod of Huckar at aL (1910) and 

GUlatia (1MI). Hear pnpaxatloa* darirad from no o-tret lad mala 
aod fiails rabbits, *-&d from animals exposed to alkaloid for pro- 
ioagHi psrtods vara fortified vith reduced alcotiaaamida admin* 
dioydsouds phoiphats (NAJ3P) and |luco«a«*•pho*phata < and vara 
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;ubatad under aerobic condition! vith (mathyU-C^-nlcotin# for 

of up to 4 boor*. R1U1 of nieottna braafcdovu, u n«uurtd 
>y tha diaappaaraoca of tha unc h a n xad alkaloid and by radio-chromaio- 
w*r» found to bo s imil ar to tboaa obi erred by Kuekar «t aL 
IjHowevtr, there ni do aifnificairt difference la activity bat* 
rtr preparation* derived from tha nrim type* of rabbita. 

rarulti obtained La elimination experiment! vlth riU could 
lubitantiated vlth the non apecifle datoxifytaf system derived 
fbblts. 

a enormous variation Ln tht parceatafe and rat* of urinary 
nauoa cf radio*activity by smokers aftar iahalinf tobacco amok* 
*uh (tn«thyl)*C^^-oicotiaa baa bttn briefly no tad bafor*. A 
«r of am ok era aalacttd from tba vrhole fro up *u there- 
Jtcted to taort than oca experiment (Fif. 11; subject! C.K.. 
.0. and W,S,). Fif. 11 demonstrates that Individual ratal 
intafea of eli ml naticro vara quit* consistent. Consequently, 
not appaar that thasa til ml cation data vtrt itfclflcanUy ef- 
external c oodltiotu {pH and velum a of ariot, ate.}. Ln add* 
vac found that thi rata of elimination of radio-activity did 
bd oo tht amount of additional nicotine consumed during tht ob- 
att^o ptnod. (La thair aacond experiment, tubJectsU.F. andW.S. 
moka aftar absorption of C 1 ^-nicotic*.) 




Six of tha tan amokara vbo participated La thaaa axpariments 
eliminated amounta of radio-activity rufficlant to ba fractionated. 
Radio-cbrotnj,tO|Taphy of tha chloroform*soluble fraction of Lndividual 
arina sample* demonstrated that tha subjects varied considerably vtth 
raUtlva quaatitlea of unchanged nicotine and mataboUtaa 
•Uminatad. However, ln term* of tha quantity of nicotine abaorbad. 
tha Individual amount! of unchanged nicotine allminatad cam* lurprt»- 
^o|ly clou to tha axpaclad viIq# of 10 % (Individual vaiusi * 9.1, 15.1, 
U.O, 1 . 1 , j,o and p, 5 . avtraf* ■ 9.9 %). The limit*d results of eli¬ 
mination analyses availablt do not point to any dlfferanca in the rat* 


\ 
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of breakdown d alee tin* b*tw«*a mil* end limit amoktri, nor do 
tn«y «atahlish my relationship b*w««& th* rate of breakdown and in* 
ri(t dally quantity of nicotine absorbed. Th* praaa&t results point 
• axlatanoa of a ralatioaaMp b«rw«en tb* daily quantity of alkaloid 
• orto*d and th* rata at which total radio-activity la aliminated, Hoe- 
■, the euatxr of persons participating la th* experiment was too 
t*d to maka it autisttcally significant. 


Of particular interest is th* fact that both non«tahal*r* {W. S. 

H. G.) •UmLnat*d Lot p* re acta/« a of radio-activity La th* ferine 
of tn* 30-bour eburvation period. Smokar W.5. vu subjected 
prolonged experiment, and *11 found to eliminate totaaurabla 
tides of radio*activity for a parted of 120 boars. From this ob- 
serration It would appear that la non-Inhalers, tha abiorptioo and 

button of nicotine, and consequently Its elimination, proceed at 

ueh slower rat* than In inhaler*. Thcs« p rail ml nary data tuffiit 
aoQ-lnhal»ra, although absorbing similar quantities of nicotic* 
«rtala typ«a of inhalers, ar« exposed to much smaller initial 
tatratioai of th* alkaloid owing to initially diflsreat pathway* 
d rat** of absorptioa and dlstriboticn. Tb* f«w dau arailahl* oo 
«rat* of absorption of nicotine through tb* mucous m*mht-*n*a of 
oral and nasal cavlti** Indicate that it proc**d* at a much slower 
than through th* alveolar rywum of th* longs (TravtU (1 MO)). 

In a final *«ri«s of experiments, tha total balanct of radio¬ 
activity was established with rata and rahblta 90 hours aftar Infection 
of C -alootia*. Tha r*suits ix* presented Is Fig. IS. They demons- 
trat* that, la addition to radio-activity all ml at tod in th* aria* and La 
«• **pCr*d air, significant amounts ware *xcrel*d with th* faeces. 
FracUoneuoc of faeca* showed that La early samples (0 • 10 hour* 
after Injection), coti.nla* area th* principal metabolite excreted. Un¬ 
changed nicotine vi* considerably less abundant. In latar samples 
(10 - Jo hours), th* major portion (13 % - 95 5*) ol total radio-activity 
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no Loar«r b« extracted vttb c bio reform uzxl «r either »lkxlln« or 
m. Tb« lim* tu tme lor radio-activity recovered from 
aod IrrtertiiiAl co cteBt e «p«c Umiutiofi at the experiment. 

of uk quantity of r~e<ilo-activity edminietared *u rtUl 
t u« tod of UK id-ftoar obfltrrttlan period. Tut nj to 
experiment* in which the methyl-labelled Alleelold »u 
appear that the labelled in*toy 1-(roup, ooc* removed 
Udine rinf by dome thy lotion ought to be channelled Into 
cttboUtxn of the body either by tram* m ethylation reaction* 
COj after oxidation. La any cut, do mtimnUt amount* 
• •olubU radio-activity w*r* r*cov*red from ti*rae* SO 
iMUmlaiitn tion. 


DISCUSSION 


Dt rtrtbvtlon of dcotln* Ln the body 


tMViWM adminlrtr-ttion, nicotine diaeppeared from 
twa pbun, The flrct pb*M* ru extremely rapid vith 
of Ua* than on* tnincru. Tb* **cood pbut proceeded At a 
U wi\h 4 ball -life of tb* order of 3 to 4 boon. It 
*ppe are that tbe primary factor reeponaibl* for thli pattern U tb* 
r«p!4 binding at otootlB* to turn* eorrrUtatnu, and tbl* binding it 
ot » r»nta »d for a period of boon. The flrrt pbaae of the disappearance 
of Meottl* from blood U time due to eceumoUtioe Id tiitun, visile lb* 
on* Is ooittroUod by it* alcro releeae, H* eaayxaatic breakdova 
to tom* extern, It* direct excretion. 
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Tin unicaption that nicotine La booed to certain call conatifajantj 
la-jrvpporied by Un fact that ehcr-tly after edralniytratloa, ita concent- 
uggggSlip moat oryvne Ur* •• Ufa tod la much klftar than la blood. Tur* 
jPer evidence 1 a provided by tin reeulte of Bane too 4 SehmilarlOw (1H3) 
with hUto-autoradiofmma that', fire mltsrta* aftar Inject* 

Bggj||jgg|^ nicotine had accumulated la tin valla of blood veeeele. Thi j 
ahavioujjr of nicotine m la many Taya predictable oe tha batia of Ita 
OTfi|p?-ebemic4l propertie*. 2U lipophilic nature permit* rapid ab- 
and ita penetration into, call membrane* (Baoq at ah 
f^^^^'urthamor*. nicotine baa a relatively favourable pKa-value 

a't Lb^h pB> condition! prarailiof In the blood (abort 40 % beimf preeeat 
ip^^^^itral, Doo-dlaaocittad form, which penetrate* Into call me m - 
>£§!§»• much more aaaily than electrically chained Iona). In addition, 
the particular fractional group* (roch aa hydroxyl* or 
ga rbory^ group■) which ira Involved la tha formation of mor* volum* 
ISgprTlai paaatratiaf molecule* by *uch raicUooa aa.hydration, or 
co^|pgoo with eclde. 

L f .Th a hi|h lipid eolubllity of nicotine la moat likaly of Importance 

*lth regard to Ita phyelologlcal end pharmacological acttvttte*. elnce 
of tha blood-brain barrtir and penetration of tha 
*toai|MJnto brain and othar nerwou* ti**uea. Appelgrea at ai. (IMS) 
•Sd^Ranirpoo 4 Sehmiterldw (1H1) oba erred accumaUtloc of radio- 
th» brain and adrenal medulla of rata, and U tha central 
oarraua ryrum of can within a far minute* after adminittration of 

C •aicetlna, 

H would appear that partittnciAg of nicotine be tram blood and 
P^^ttcaiar Dimi u eentrolled not only by the phy* I eo-chemical pro- 
PerUaa of tha alkaloid, but aiao by the differential ratee of blood flow 
lain aarioae orfa&e, According to Wright (IW5), the two banyan kid - 
aaye receive 1500 col of biood/mih- of the total cardiac rertLog out- 
put of 3000 ml/mho., where** the blood flow to the brain la eitt&uud 
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at about 7S0 ml/mln. Blood flov to ntlUf mudti, *hich rrpr* tarrt 
" **■ ■ " - walght, la much alovar, amoontiiig lo ao mart than 

. or 4 ml/ min. /1M f of mujelt. It la arldant that ruch 
tha rata of blood Go* ought to coctrlbtita to th« dif- 
oo of radio-activity to rariovm organ* u obatrrad 
altar admialatrattoa of tha labtllad alkaloid (a«« Fig, 3}. 


Brtakrfova of nlcotina la th» body 



ail ration of nlcotina In many organa doaa not praraot 
ta degradation of tha alkaloid. Tha rapid appaarunea of 
Ut la aoat tiam a a a t roagly ruggtat* that thay vara (at la tat 
*d in tha at tiaroaa, and not dlrtribvtad to than by tha 
yrttm. 

Io*o of aicotina in UoUtad tUmaa othar than Ur or baa 
try itvinl author* (W»rl* 4 Millar (1*41); WarU k 
Uacfeo.14 t\84l); Millar k Lar*oo (1*33)), During tht praaant lartrti- 
ftdoa, a Bufnbar of pralirnlnary txparimtnu *«ra carriad out *lth 
prtparattoaa dtrlvad from rabbit long* and HAaaya, Al- 
of braakdovn *ara ralatiaaly lo* compared with llrar 
formation of mtaourabl* quantitiaa of cotlaina m cem¬ 
it rr ad. 



Tbara/ora, tha anayzaatic transformation "la aita" appatri to 
^ m ala factor U coocrolliag tha duration of tha ptryalological 
aotirity «f tha alkalo id ia aorna organa. Of particular intaratt in thU 
fa»a\aollMi La tha rata of braakdoam In tha brain. Barn too k Schmltar- 
!♦* (IMS) foilo**d tha appanmnea of eotLciflt Lo tha brala of mica and 
e 4ta, and found atmiUr or a ran factor braakdovn of dcotina than *** 
«b**r*ad in tha prat am aaparimant* oo rabbit*. Thi* U In tgnuatnt 
*tth tha rtrulta Lar-aoa tt aL (1*48), »hc dattrmiaad tha ratt of 
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atioo" (elimination meaning breakdown and removal) by pbyulo - 
■ la the dog, cat, ooiui and rabbit. They found that 
eilmlaated" nicotine 1.7 times a* fast as the dog, whereas 
vacates for cats and aoice (compared to dogs) were 3 and 
ly. Sloes the rate of breakdown of nicotine appears to 
eeFaT'jBe factor la controlling the deration of its physiological 
be of great Importance to know the speed with which 
ormations proceed In the human being. From the pre- 
a radio-activity eliminated in human urines, it stems 
e smoker breaks down nicotine at a rate about half of 
with rabbits, l.t. the average half-life of nicotine in 
<f a smoker would be of the order of 30 minutes to 1 hour 
tiv« amounts of unchanged nicotine and breakdown pro- 
nitrated in rtf. 13). 

wV the fact that certain polycyclic hydrocarbons accelerate 
breakdown of a number of drags In the liver by increasing 
microsomal enrymes (Cooney 4 Bums (1383)}, it would 
to verify if the continued absorption of hydrocarbons 
Booking has a similar affect on the rate of breakdown of 





Tolerance and addiction 


According to Xddy (1939), the phenomenon of drag tolerance 
may be e xpl ai ne d by one of the following mechanisms: (a) decreased 
absorption, fb) change La the rate of excretion, (e) altered tissue 
distribution, (4) altered rate of metabolic transformation, and (e) 

cellular adaptation. 

Taking u a basis the results obtained with rats, we wire first 
inclined to believe that tolerance io nicotine might be connected with 
^ accelerated rate of metabolism. Similar explanations of tolerance 
*o certain drug*. Including barbiturates, meprobromate, etc., hare 










i - "■ 


n^l 

HIM 

Kjflh jgtm 



f: 

JsSwil 


lila 






been advanced by a oumber of authora (R«mmtr (IKS): Coaa*y tt *1. 
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of 
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real* 
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LUIbi *t eJ_ (1952); Co o n e y It Burn* (1962)). Bevctcr, mart 
ipeikmeotj bar* been limited to rata and have not yet b**a 
> 4^«r animal *peel**. Htti snijbt w#U bo a* umurual arU - 
ftfjLTd to ehaaft&f rate a of blc transformation* a* they are 

Pwi * ex* differeac t* In th* rat* of breakdown of dref* 

B^n* (1982)). la addition, a cartful quantitative a value t- 
|u# of breakdown, a* ©b**rv*d in urinary elimination 
uTliadicat* that th# difference! betwean non-treated and 
far from belnf sufficient to account for th* rtriiin/ 
|intb* phyaloloflcal behaviour of th* animal*. 

yjjh tolerance to torn* drop may depend on accelerated 
4*gs|kdo»ro. prolonged eouuapdoo of othera, including 
appear* to induce cellular adaptation* (Axelrod (19Sfl): 
HrfTrsTakemori {19(1} (1983)). In any case, th* prtseni 
conclusive evidence for ajjy particular to*chani*m 
t^ol^riace to nicotine, Dor do th«y indicate a l*ad to th* 
“eref^ad died on. W# believe that both tolerance and addiction 
talyjo an acted, and that it would be moat useful to Lnveetl- 
^ataomtin with regard to cellular adaptation, especially 
gSS8f| of th* central nervous ayetesu 


Geneva. July a. 19*3 
HG/av 2.<«? 




http://legacy. 


.'j&ftVi. - 


jfctid/lg r07 a.OO/pdfrw.i ndustH<'"'. ^mirar-its. ucsf. ed u/docs/f1x10001 










APPEKDIX 



(Experimental Method!) 


simotior experiment* 



^ Regul *r weight- and dr*w»»«lect*d cigarette* (Britlih American 
%£|Preeo Co. Coda Ho. IS, 70 x 3$ mm, 1. 03 ♦ 0. 03 f, prurort drop • 
§||§*||m H^O ♦ 4 %, 23,5% moiature, 1,53% nicotine) war* fortified with 
Jmit^yLl-C 14 -nicotine hydrogen tartrate (0.13 - 0, 5 mg bene). For in- 
^uin of th# Labelled alkaloid aoluUon. cigarette* ware mounted co a 
l^^al cigarette Injector apparatu* ao irmjtd u to deliver 40 y l of 
jgiolutioa uniformly along the whole length of the cigarette The amount 
gtftgXjiJlo-activity actually Injected waj verified by ateam diatUlation of 
treated tobacco of aevernl cigarette* of each aerlea and eubaeqaem 
^^^uatloa of the dlatUlatei u outlined below. 

Smoking of labelled cigarette* by individual amoktr* wti carried 
outiui follow*: The subject *moked two cigarette* (A and B)*lmulu_ceou*ly 
b>- taking alternate puff a on each e ample. Initially A era* amoked thr-ougb 
gg^gjjln bridge filter and B normally. After three puffa, the eyrtem we* 

g *&(*d, B baiag smoked through » Cambridge filter and A normally, 
hr* < more puff* r«v«r*al took again place and ao on. By this me - 
« emokcr obtained th* amok* of two half cigarette*. whereas the 
*mok* of the other two halve* *u abeorbed on the filter*. Each rub- 
feet took 23 puff* per cigarette at a puffing ret* of 3/min./cigarette. 

Smoke exhaled upon each puff waa again blown Into Cambridge filler* 

(»n* per cigarette). At th* and of th* experiment, th* four filler* 

<two entry-, two ant-filter*) wire removed from their bolder* and 
•vbmiUed to eteam dletUlatton a* deaerlbed below, Th* length of 
cigarette imoked (or the weight of tobacco burnt) wae determined by 


*1 App* ritut tongtmeied by ih« Research E*tabU«hment of the Britlih 
mertcan Tobacco Co. Ltd., Southampton, England. 
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m«a*urLa< th* length of Lh« mb. From the imoumi of clcoti_n« end 
rsadlo-activity recovered from th* filter*, th* ^rcurtifii of aico* 
(nicotine «ct*ritLf the mouth la urmi of nicotine U 
iffemco burst) and abiorptioa (difleraoc* la th* amount, of nicotine 

and «ilt* filter*) wtrt calculated. Compariaon of th* value e 
the two aetj of OlUr* (cigarette A u eompnrwd to 
cirtrette 8) * bowed food agreement (ttacdard deviation ♦ 7 %). The 
method *u epplied for meaerurla^ tmnafer ud tb- 
J§i|ii3$ii§wiui refular* brand, noa-labaHed clfar*nt*. 

S >ldaf of radio-active elferette* by rabbit* ni carried out 
to tii* foUotrlcf technique: A imoklaf device wu attached 
oed trachea of an an* erthe tiled anlmaL Smoke *ai feaerat- 
haylax the rabbit puXf elftretua fey it* ova reepLratory activity, 
appropriate valvta, th* air intake wu connected to a 

8 if*x«tt«, vbtrtu th* output pa***d throufh a Cambrldj* 
prevent ixcesaive amok* condetuation, th* laafth of th* 
(dlilanet clfarttti to trachea) vu reduced to t ens, Since 
d sot toltrat* undiluted rmokt, a tulUM* *mok*/air cycle 
of emoke/JO puff* of air) n« introdueerd. TJ&der then cob* 

* a nim a l * concerned could bt k*pt aliv* for period* of up 


Mtucruatiti of radio-activity la blood tin carried out oo 
rabbtti. Animal* weighing approjdmately 3 kf were ana#* the tiled with 
Nembutal, and one carotid a^-*ry and one Jugular vela were emulated. 
At time aero, 7 ml of blood (control) va« taken from the arm-7, aod 
lh* alcotlna aolutloa (* anticoagulant) vu Injected latravenouily. 
SaoipU* of 1 ml blood wer* than removed from th* artery at dlffertot 
Um * iftterval*. Immediately after the Laat blood aaropl* bad beta re- 








Hi 



moved tha rabbit* w«r» killed by air fe«Lnr Lntrodaced Into th* vein. 
They *«fi diatactad without delay, tad the orfta* wer* frotta fey 
ln^Jtr»ioa la liquid aitrcfta. Th* atme method vu applied (or mam - 
tad ttaauee of rabbits subjected to anwilrtryf tad of those 
xmmal* r • c * l vi_n { oieotLn* by rastro-lataatlrial admiaUtratfoa. 

H urinary allmlnatioB axperimtaU, rau tad rabbit* vara 

m*t*boU«m etfta, which permitted quantitative collection 
of^i^gpad Utcai. Nicotin* *u administered to r*u fey intraperi- 
rabbit* fey lotfeve&oye LnJaeUoa. To secure an equal tad 
piMif icUntl now of urine. ImowTi amount* of saline war* Introduced 
dfrfii§rS|iio tht atocatch before tad durln| the experiments. The' 
c^b^wtlttaabla# of urine tad ftacaa vara Immediately fro tan tod 


d at -15 W C. 


Sf dattrminio^ elimination of labelled carfeoodioxid* tad for 
gfr the balance of radioactivity, rats tad rtbblti war* boused 
Liu metabolism ct(ti tad allowed aelthar vttar aor food, 
tpry COj wu awapt from the ct|«a fey t constant tod me*- 
Iw of i4p, md tfeaorfead la 4N a odium hydroxide solution. 


S. . Us nary elimination of radio-activity by smoker* wta followed 
Brstaeetiflij the total velum* of urine for a period of SO houri. Sub- 
to the sane urination achadule La order to have com- . 
i|yjJltL||iata eo their rttaa of a U mi nation. 

Chemical tad biochemical method* 


Tor determining nicotine tad radio-activity repreeeottaf aieo- 
tlo* la tobacco, oa filters tad la ttubt, tha material wta submitted to 
ti5txiin * »t*am distUlstioo secortiia| to tha micro-method of Trim 
{18**}. Interfering substances war* ramovad by prior distillation uadar 
acid conditions. Labelled nicotine wt$ measured by combustion of an 




L4» «* — , 
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•pproprltt* stxapl* of di«tUl*t* ( wh*r**j th* ooa-Ub*U*d alktlold 
ru d*t«rmlned by th* *p*cvro-photometric proeodur* o I Willitj «t *L 


NoQ-Ubcllwd ol cotta* la aria* of «mok*r* *»i d«t*nnin*d with 
UftcatioD of th* o*ph*lom«trlc proc*dor* of Motr*aJ*« *t *1. 
(105jj. TIU* method codjUU la alcotia* dUtUlttioa from « Ikal l n * 

\ txirictioo of th* dlitilUt* with othir* tod prtclpluttoa of 

* with pho*photnolybd*t« la th* *eid r**idu* *ft*r r«mo y*l of 
by *rt portion. Recovery b7 thli method »u fouad to vxj-7 
twleo AS % tad 100 5»* 




rudlo-iettYtty rtpreuntlajf uaeh*a*ed alcotia* la rthblt blood 
• |xtr»ct*d by a proetdur* combiaL&f the method# cf Wolff *t tl. 
tad Hucker *t *L (I960) 1 "LJqa*aiixed" blood w diluted with 
, tad th# protein* w«r* p'rooiplUltd by drop-wi** tddltloa of 
sArlefclo roto «tic told oadtr co ait tat tnechtnical aUrrlaj. Aa 
qgj »t of th* rup*ra*t*at wtj tUt*llftl»<d with IN NtOH.tnd **tr*ct» 
l-<f twice with three time* it* voluxa* of heptaa* coaUiaia* 1.5 * amyl 
^Vl (heplta* purl/ltd by ruce*#*lY* wtihin^t with IN KtOU, IN HC1 
jO). Th* h*ptta* tad wtur ph*«e# w*r« *ip*T*t*d by ceatrl/uf- 
Th* combined btptta* fftotioa* w«r* th*a *xtr«ud with 0. IN 
* e«ntrLfuf* tub*. Aft*r uni c*atrlfufln*. th* orytalc 

wm r«mov*d by upirttiou. Radio-eetivity repre leaUnjf nico¬ 
tine *u m*tnar*d b7 oomburttoa of th* told ph***. Rtfultr cb*oka 
of ihii phai* by r*41o-chrora*t0fr*pby r*n»4l*d only alcotia*. Recovery 
of th* tlktlold by thl* procedure w*ri*d between tO % *ad M %. 



Chloroform-*oUibl* radio-totinty w*» extracted from tli#u*« 
(Uvtr, kidney*, lua^t, brtla, mu*cle, b**rt, etc.) by th* following 
procedure • A w*L|h*d portion of de-froten tH*u* (5 - 30 j) *u cut 
Into «m*U plfrcti tod bomojtoUed with twlc* ll* qunaUty of itlLa* 

!n ta Ul*(l*at Pott«r Elvehjem homofenlier. ProULa* of th* homo* 
• *«t* »«r* pr*olplut*d by dropwl** eddittoe of trlchlorotcetic teld 
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g nl/s g tiaaua) undar constant mechanical ttlrri&p. The pra* 
md auparoatant vin Kpirtlid Vy eaatri/ufin* il 4000 rpm. 
grnir friction vub+d twice with *m*U portion* of uils* 

■ carMad out la tha cold room]. A aut table Aliquot (depaadiaf 
• ictiTlty) of tba comblnad ruparnatajrt and wajhinf* nj aiica- 
pH 12) with tmmonU and artraetod La a aapATAtory fucaal with , 
v®Ra«a Ita velum a of ebloroform. Tba chloroform extract wrwa 
by adding 3 drop* of tone. HCL AfUr Addition of 1 ml 
Irvatef. in* chloroform tu com pi Italy evaporated uadtr reduced 

S al 50°C. Th# raaldoal acid ru collacud and th# recipient 
iTaral tim*» with iquH portion* of water. Tha add and th* 

*in combined and mad a up to a a mall velum • (2*9 ml), 
pcrltioaj of titia a^uaeu* add fraction vara u*ad for comhttition and 
piiliPlkromAtorTaphy. Uriaa of • maker* vu axtracted with chloro- 
to tha im« procedure. Recovery of radio*Activity in 
aqyaoua acid aolutlon afur addition of C^-nlcotLaa to tiaru# 
^gP^pt&ataa or to human wine varied between IS % and 85 %, 

chroma toy? ami of animal urlnt* and tnrict* of tiaauaa, 
^umao. ^rlna and blood, or of tobacco and flltar diaUllataa vara pra* 
*T™f^roa (Liter paper Schleicher 4 ScbOU No. 2043a with thi deaceadlag 
pjgjfjjfclB je. for routina aaparatioo, tha n*butanol: ethanoL ammooia 

ayttam of Bowman at aL (1831) tu uaad. To secure reproducible 
and compact apet*, tha papar tu buffered with a borax-boric 
*cid mixture (0, 3 W, pH 7.3). Reference apott of nlcotina, eetinin*, 
KydroxycotlaLne and T«(J-pyrldyl) -7-mathylaminebutyrlc add war* 
revealed fey the Koenij raaction according to Daveon at aL (1838). Tor 
double checking tha Identity of aakaown radio-active ipota, 4 ample ■ 

»*r* run with tha following two solvent aywlamj; (1) n-buianoli w-atari 
dtric acid (Curry k PowaU (1854)) and (2) aee. buUnoli formfc acidf 
*d«r (Hauaman (1982)). Papers uaad with acid aoWtnl 'system* war* 
buffered at pH 4 with S % iodium dlhydrofeQ citrate (Curry It PowaU 
U854J). Rafaranca ipota wara revaalad trith a oodlflad DrtgeadoriJ 
(Thiie 4 Rauthtr (1954)). 




--Men-- ' Ejj5553S3P» | 
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o .chemical cathode 

The methyl-labelled C l *-nicotine ** (▼pacific activity •IMS me/ 
atored u tie dipicrate. Coo-re ral on to the bydrofen uru-att 
td out by pajeain* a picrate aolutlon through ft email column 
2x9 (OH*). After sneaeurUiy the amount of radio-active but. 
.uent (80 % * 85 %), two molt a of d-tartrie acid -were added per 
ae, ftod the aqueoua eolation »u concentrated to the deilred 
e rotary type riorum evaporator. 




meaaurtCLj total radio-activity In Uaiuee, body fluid*, »• 
‘Seta. neelduea, diitUUtea, tobacco, etc., appropriate saxaplta -were 
Hud to dry combuiUoa aecordl&f to the method of Kalberer k 

(1981). Carbondioxide liberated ru abaorbtd in a mathao- 
loUmlne aolutioa, An aliquot of thla aolutioo «u mixed -with 
telntlllatiaa * 7 *tem eotxaietlnf of toluene. PPO (2,5-diphenyl- 
.and POPOP (1,4-bie*2-<S-phenyloryxolylJ-benteDe). Couatinf 
rd out in a Trl-Carb liquid aclntiliatioo tpcctrometir model 
*5°C according to ataodard procedurea, 

far bo odi oxide abaorbed Ln KaOH during raaplratory experiment! 
kt*d by axceaa 80, drlraa through a allicefel column by a 
Lm of nitrojen and than trapped Ln methanoUe ethanolamina eol- 



Aadio-chromato frame ▼ere cot into # tripe and a canned for 
activity with a Hu cl ear Chicago Actifraph 11 connected to a model 
0*47 flaaa flow counter.' Peaks repreaeotinf radio-activity were 
eraiuated quantiLatiraly b 7 mee-ruriac thair aurftee area* and cam- 
pftrin^ them *l»h the turf ace a of peak* produced by known amount* 

of C . 


# i Prepared by Dr K. Dicker, Uolveraity of Frelburf l. Br., Germany. 
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Numb*r of el^nllti omoVod ft day 



Daily nJcotlno conaumptioo mj 










fj|. | Total radioactivity ( A , A ) end radioactivity rep#eenttng unchanged nicotine (•,()) In rabbit blood u a 

function of Urn* after lntravenoue Injection of -nicotine. Value* expreeeed In % of radioactivity Injected. 

a> Short lima experiment with two different rabblta ' o) Prolonged observation period (1 rabbit) 
r) Short tied# experiment with two rabblte having received different quantltlee of nicotine. 

• ‘ ''«KW1>' Oiccca*- ... 




A .• Rabbit Ho. 1 
Ao Rabbit No. 2 


Nicotine Injected - 0.15 mg/baee/kg 


10 20 30 40 

Mlnutee 


30 80 1 




Nicotine Injected * 0.13 mg/kg 



Tima after Injection of C -nicotine 



• Babbit No. 1 (0.13 mg/baee^kg 
0 Rabbit No. 2 (1.43 mg/baae/kg 


20 30 40 50 « 

Mlnutee 




; ‘"iS 


z booo-?n-na' 
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fUOIooettv'iUss MprtaanUaj* nieoUa«(H)* eotiain* (0^ SJid 
hj-droxycoUnirHl (Q) In Vitioai orjxnj of rabbit* SO tala, sftar 
intravacwai uiJ*ctloa of diiftrtat eoDeiamtlou of aicoliaa 
(Laotop# dilution saiiyala). 

QuaatAUas of oi eoUnt lajseudi 


fUhblt A: 0.3# »g C ‘aieoUa* • 0.11 *n*/b*J*/k* 

"^*11 B: 0.5( to| C i4 -&ic«lin* *3.85 eng oIooUm • i.,43 mg/b*#«/kg 
bl|gj®|| 0. 3# m( C 14 -aieotia* ♦ 4. S3 mg nicoUo* « a. SO mg/bosa/kg 


masaorad by tcarming of p*p«r strip etroautogramma# 
TOaaad la muc/| of Usau*. 
















S 69c£S 













. __C3ft;.v-.i:: *. 

.*Vv. •.* v':? 


■• -'A/'"-. • ’-•* <-<£ f'v- • • ; 


Fit- > 7Udl&*ctiruy rapranaiin* oJeeUa* (JQ , coti nl a* (£3) 

•ad b 7 (Ji*o* 7 CoUaLM (□) variOM of|tn* ol IW rtbblU 
fcXUr pMln^oftJty «^orpttoa a/ cijirattt «aok» cca talalnj 
(ra*ihyl)*C i4 -aIcotia* hydro f*a tartrml*. 

Rxhbll A ■ «riU*<l 3 mloutta i/Ur rmoblnf had baaa *topp*d 

Rabbu B aacrUUij 2 mlouui «Jt*r tmokto< bad b*«& ■topp'd 

: «■ «xpf«»««d la nue/( of tl*au«. 

r lUbUt A ab«orb*d 3.1® u« or 1.41 ta| b*»« 

“ftihbU B abaortxd 3. Slu c or 2. St (Of but 


abbit A 


Rabbit B 




: t 
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fV.‘ 4 * .. 4 . .j # , 


■ l ■ * ’£ <■• - v * V*' .’**- *-. '*. r'm ; \ ^ 


T 7 ple*l p^«^>4r' r^llockram*ujjr^mi of tl«»v« extract* tad uri»«* 
erf uiujtiri ud uum4lj tfur adminiitraitoa cf (nj*thyU-C «Bi«o- 
Ua*. Solvent ryrU/n: AmmoaU wxurr bttuaol: ilii*aoi. Sc&oalaf 
of «trtp« with Kvc 1 fir CUcifo AcUfrtLpb 0 tad Modal L>-47 Cu 
Ho* Dattetor. 


Reference strip. 
“1 


hydroxyeotinine nicotine 




CI 3 - extract, 5min. 


, CHCl 3 -extract, 6 hours 







Rat, u 



Rat, urine, 27 hours 






Srn oXer, CHClj-extroct of urine, 10 hours 


*t . 
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DRO\D^k WILLIAMSON TOBACCO COR? -UhnOtt 
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DAT ?_ July 3, 19S3 


cowacx 


-COUNTRY: 


f 


KTCLAICD 


) 


T YOUR TELEX JULY 3 EOYT OT TIRC AGREED TO "WITHHOLD DISCLOSE 
TO TieC MEMBERS DA SAB UNTIL 'jIUtTKEA NOTICE FROM MS. FINCH 
ION EATTZLLE OR GRIFFITH DEYEL0FIEEKT3 TO SURGEON GENERAL 
WE ACRES COR73NUABCE CF HATTELLX WO SX USEFUL BUT DISTURBED 
IOS3 BX. CARDIOVASCULAR DISORDERS * 

IHATIOH BATTELLg WOKE AND G-RITXITIT 3 DEVELOPMENTS HAVE 
ICS INCREASE DESIRABILITY RTEVALUATIOa T3RC AND RLASSESSMXHT 
. FUNDAMENTAL POLICY RE HEALTH, HOPE TO GET O IT COMPREHENSIVE NOTE NEXT VZZX. 

YEAJdAJ 
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be: Kefifiii, Finch, Wide A Grtliith 

(2 «p/« lo Cabia D«pt.) 
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ROWN & WILLIAMSON TOBACCO CORPORATION 
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KE* YEAHAN (TELEX) 


HE 517 £$* 



YOUR LETTER 


JuNE. T.R.C. CONSULTANT SCIENTISTS ADVISE IT 


g|| 

k»&ai 


J^^TOO^EARI^^^UBHrr BATTELLE REPORTS TO .SURGEON GSiZRAL T S 
glCO MM ITT f HXNX THEY HILL AGREE TEAT CONTINUATION 
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— « 4 3?*rin*ntjJ. wurk d us crib. d. Ln »Li 9*Vt«Ll« report 
«-Tp««jr» ta hii* *>4*a xor* «ap«*.4f.^7 den* Vl< »erk yr*>«»a.«d 

b ««•«-'■. peer!/ ^r«a<n*«d t-. i'. Taj :io sw. 'ije-Aaiim -r. *_"-• 

Heiulta suetitr. A-T-d *lu ii-t Mads described p*r^ly — Vlv “ is", ird 
2S ^ •'■^-7 — tb-a A=y« a d ir . La addition V.ert la fo Sc"r-~ 7 , so 
-*-A* 4J U4 deeu**nt a a a jvi i 1? do Mto-o*»l 7 difficult to » -sain 12a :* 
t=i« data pr*3*at#<i. 

La ih.4 ir.trsduntion —'m authors a* 7 that ■* th* elucidation 
ef tfc* »e<L* ef action dcotb, will ultiaatalf irpoad cn bit>- 

ehocic«2. 4joal7-3i_* d*A.l d o g tb* boba-riour cf i.';« reLcotSn* aale- 

cul4 ca, 4ad ita Lat<armcti£m* oh* ivrfie* of physiol cgiaoliy 

*-<rt± Tm, atAr7.-aial4<r=IJJ C«ll ccnatituaia-ta,' Taia positicn r dil ae» 

Ac ui b t rrt nTi*b* r«4-ds4-4 but in tia a*ontia* yrocrsw in lh* 
•lueii*tion <s£ th* action cf cieo-tiza is mart llkaiy is b* 
c-cfcia-r»d by Kaaorcatnt physiological «j trppo 1 *d to ch«ade*i 
•ffeet*. 

Xac\?-T4 ^.ectln4 abtot^*d In cinr»tt.« ^oki-tc (t.l. «t 

Th* iUtawfit eap.fi Viat rjt* ties ef nicotian 

to*.»a ir.tn ta« «outii b 7 tan «cfc«ra ranged f rs* abeut 1 3f. ts 
acre thnn 5 =£, p«r cijxratto ii In rafUrt viti th* res-uli*, 

obtaljjaKt m'rt •<K±AC±cal Mtfuadi t*T wrrH rc eixaratvxv e? ~g 
^ 7:^1 7cty (19 A. 3) , cf Jl. at KAzr«x»t* ad with naulta 
c±t#d. by I-craes. Cl5^0) . Tb* figtrr** of th.e»o authors »~*r* Q. 9 »g w ILLr 
*-^-d 2 Is 3 par eigarat-t-*. In Tig. 1 , 2.a. saofcirt filter cigar «-ft as 
s=n idling sleu tlr . * taring «s-r-*d J.Jng. •ncid p*r=»nta-j« 

? «atr»«rdin*ri2y hlsh. t>r«« on« aackara (? JT., TTJ. andL.C-.) 

*-^X tnciafarrad abeut i. i( - =ieotlaj» an anekina ci^a-ri::** cts t a lsU tg 
=icntS-M Irv anctaata f rtn about i_2-l?a a . p*r cdja^««*' iJ 

^icult to «rplAla her fijjttr** »«rt cbtair-ad b««=su*» tbern 

=0 iataii a eS* ’tit* aotal jneicLt* praeasa. I hxri lijji Cr. 

■•Ibach fsr mi> Ir^oraAtlon .oq tt* »c-/ tea 1C *uij*-eta ef ?i). 1 
k*d txiir ei5*r#tt4a, in partlc-olur k« 4 lix* of th« fri-vercy 
Tjt TTl=4i cf in-». I cm' t help ffrAUr* -Jli Bttteli-a 


and ^ ?!-—7 (l?L9). 3rit_T. Tbxrtjaeol., L, 3‘-3-3^- 
^♦racn (13d<J) . Jen. J< .r. Aoa 4. 3d., 5<3, 31-31 
*' r >—a fii*rr« -raa ea iai.t#d uainj T.R.C, irfearco «e*4 
z-ardASjm.z*, bajic fraeiisn, buc i; *sj not a fraab. . u . t? i*. 
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a:v.si rf *r-d aiaery man • — = 3 1 m• 

(•*r_i=n La m L.t«*nisu4 or.* ar-d >1*4 b^„n >n»*d. b*f ;r« by 
it—.l sIJJQ)) La is *rtifiel*l tAjit 1 - s •e-ro U:*^« 
raa«*b,l;r.e< ta Si* n> ’ xaj. **okt_inc ai t 

15"-* fch a dura <=f nicotlA4 ■.bsu»rt«d yar 

i_-t aa-14 to ntry r:= O.J - J.Ja*., in 




iscii-'.is n>'4L* 




=* i=~r~*. 



Thao* hi;/l fljor is aftonid I thinie he »1A r-i m.-ti . 

Hr* ob«rQ:isa tla: cr-o el ah* KSR’*inhal«r:i 
4i*ort«A ealy el asla a-g**** deotiis, «ti«ruj 5 cf at* 

3 Ufcaica *bs«zrb*d irr«r 8C^ l_a la asn«MAt *lt*j dat*. quo-*4 
^7 l*x3<m (lao.cit.). Ir-halntlera, j«xt-lf3-l 1-ly <14*7 J -V- -.• . -ti=n, 
appears to bs * rmr 7 *ffi-ei*®.t i*<in« <=f abaarfelnq r-laaf-», 

Z2l* only cti»r iruamjx «=*p «rin*.o-ta u< i21ua-s-*T*d la ?1 jj. 
5 , 10 , Ll and 12 4=3 erf 1 ta«M th* *o«< iatjna-tinq ax* til* *n- 
7*xl34CTa cf 71 ( 3 . 11 *-=d 12. In M(. 11 td*x* la i*«q to b* *n 
la ono oi TvA*hie» la to* p^a^ato** and rata trf triaaxy 

^ t m 

■daa of radio*c-H-rt-ty Vr ■takcora vmrkd rr% ••thyl-CT'^tsio* tin* 
fordid lad clgaxt'ttas. Alt*r Jd houn CJ£. (in lrhalar) had 
*1 daile* t«d In ti* «TJU ft*«xly ICCjC erf th* rodlocctlrlty idalal*- 
tar*d. IT * 3 * (* era- infa*l *r), hc-**-r*x, had tlial-atid cnly 1 C^ 
and In fact a llal• * tad »*a*crrabl« quoatltl#* erf r»di.e*e-tiTit7 for 
fir* days. C- 3 . and T_S. lad dentally apparently ab*«rb#d rf all at 
qoantitiaa ef olca-tlnd/eljpax*ft*. It la ividirt^, ^y±t* rioiao- 
*biy, that th*»* dlfjarwte** ax* du* to rarla-tlsn #.-j abaexptdno., 
diatr-iiatldii tad ollalratlcn erf sdjratln* in dlffar*at rubjrota, 
though thatbar *11 jxhalax* **tab<ala.** thaix idea tin* diffaraatly 
lr-=* son-iahal*r* 1* =nt *a ear-tain. It is, ko-^-^mr, an i-.tsrsil- 
in* joaalilllty. 

lalml igsriQT.Aj _r^di=*g.tj,-r* trocar trl vd■;•-;*a..( 2 -9 £S 

Aj th* aatahellc cnparlaanto cn rata and rabbit*, 

— a roaulta eorflraa and In ««s cimi «xt*nd the** otf Hir.a»<rc * 
3«±Jlt*xlr* (l?dl} and Xt^tnali and <= 3 —wrtcTJ (1553 * - ) and 

th*y *r* th*r*fcx« ULtalf to h* correct. 3 eZ* rn la *nd co-«riirs 
h*T* s*« 3 jxs*ly esn=*rrad wdti iaolatlnj t_rd ida.ntifylna 

a*tahd£t** of rtlcntin* md net ay*clfloally with rat** of **ta- 
Volia*, *3 m«u to t* **yfcj*la at* th« jr***r,t rartt. In 
paurtl x .il. a x th* l*ttall* wartcart har* ctxrflrtid sh* lv.«r«t;ir.( 
aiwmtiir, of lianaacn A Schaitarlerw (lySj) tnaC rdso-eln* ia 
Iruad. In ah* brain rtry rx=idl7 of tar adoltlatratmn by dlffartrvt 
rtxtaa. 


-HH»un ( 1 ? 30 ). Lth Tobacco Ch**ilato Confor*r.c«, ?«rxjr/lv=xd. 

Sent* UrJ.rtrxi.xy. 

hanaatn d Srfalt.rir*-( 2) . UZ, Jl- 
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j—- ‘ * ■ •** and i_z. -w^ri ~ J 1 y .. : -T if . a r* 

ij uaed r*x~/ lao»«lJ* * 7ar aarpl* an 12 *?p«*ra tri* a tales ant 
*........• *i*niric*/it &f^*rinei] In ta* ccne^crznia cr uachae^g-d 

*I*d z id *>*r* o h tM-r^wd far jawnd (flat) part ci* tn* aarr*' 

(. w l 4 ,j( e)) . 31r.fi* «*ca cur»i rc?r«a«*it* cbumtinrj cn cnly oc« 

rabbit I *a .**: ccnvu ic*d *^s: ts*y lt« ai.£r.^f laanil? , 

™*r* 1 j a di-TTarwic* l<^n in* !=»*.• e-srr,i <sT 

and -_-u eas-r* rar 2jhfci? 1 (?ij.j(c)) t>aa *-*.«rf -* t■ tw,«n th, 
r*o cutp*i erf Ti*0(e)* I it*.Li*f it* *xy*.ri**r.i-* s' Ti^.6 

da Ulaatn** tbs point tit* luiiora *-i»h t a asdc* (▼*_* tbat 

ta* breakdown cad/ar m xr= -+XaT 7 ■idanlWJ la fwlaua cr^i_- .,a l*c-3*« 
«att=r*t*d) * Kon-rir, tl* ua» orf only ors a-lu' f — «*cb da a* 
cf aicatis* la Isadora, t*. 

a^asaaiasL-IadZl, ^ ja&*I 

Tb« uilhsn t*nd t* Vfi A 14Vtl« dnpMitln and tb*r* er* 
I9t*inii la cb* dlag-aaalrm -rilh ^lidi I p tfaocaH jr 
. Tbl», bdM ■ *7 , 1* to bw «3cp«a-t*<i. On y >24, tJs* lu^nn 
dt^nci fn* tfisir t -.*Iy xla on mddr* o-tj-rity «llals*t*d la hwin 
larin** tiut th* **▼*!*<• a*cJc*r* brwaka down nleotln* kt & ra tm 
liayl half 13*1 d*t*tr*ln*d irllil rabbit*. Cl* eb**rtr*S±on* ar c um 
la yij. 11, hc-rwr*r, L-dl=i:« that f.*r-* i_» *a * xt g***ly -*d«U 
▼arlati.cn In th« «Hals* tlsa erf" r s diaacti-rl t 7 »o thatth* jjfcraa* 
■»-**xm** anokar* ba* Httl* awnlrs. 

- 7 i=*l c-= ou»«Trt* 

1. Eu amrak- 1 .cf 4*na tra Lst*xsat±=c ’b'S't thar* ar» rwcaaca 

rfcr isuhtliif thair iecun^. Th* nr«n|« dailr eoana^ticn tri 
til* 2*.ct*ll * »ck«m was 27 c±$zjc*-zz** (na^« 3.5-h£) •, —*7 css 
‘iurtior* *13. b* claMUTisd *a *txd*rai* cr d*aT 7 »aok:*ra« I* 

»*eyld la-rw Lwwd >*ta*r *.a Lnclud* data »it«rwn In tha lawar h*i? 
cT 71^;. 1 fcr tl* t*n m *dears vTian tft* 7 ’ ir*r* *11 aacid-tj !f.« 

Mj* ^ 7 * ea? ci p T *‘- J and alao to ho.*r* xrx* data* fs? *ati-«aa. 

■Eitr* 1* r.o Irforxatlart ea til* tt* aub^* 5 ** aacitxd thalr 

cly_TaVt4* {fra^uaacT' *ad ▼nils** dra») *nd *-■<>« ar* ca-rlauai*/ 
ijnpfiTTUuat rdciosr*. 

3. 3« ?*r aj ta* *AiA*l aanioliia «s5*rl3«a:* ja. -*« 

**— to b* icctpabl*, 'dtit e«r“oin ?***—mtian* that hav* alficir 
t**a sad*. I a*t 3 t. 0-* l*a'3uhl«r f **?io X b*li*w* dd *c*t 

cX* th* «r 7 *rl**at»l rsfk, and d* *«cz*d to a* t= b* a 5 *Ttf*cti/ 
>iarL*3t t r*liabi* ar.d critical «or*«r. 

7 h«r* ar*. I f**l, *o** r**ulta la tart r*yort tita? m cf 
, lataroat and pubiia-'J-Cj, but It ia * e*dloua rrpor: ta r »ad 
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(poaaihly the esriended crrer a pralcr_a»ti period) 

aad the aesoe_ge cr ivtu^ti the authors *ish to corr-rey dc not 
cr» « error at ail .clearly. Ct* author a tiuaxlvn hd*.it (?,27) 
that the jna«ot rgeulto offer co ccBdmln e-ei d e oc e for any 
particular aechJutiaa ir-ral red la taleroMe to nicotthe, her 
do they indicate a to the phanoaeocn-of addiction. Thin 

i ayertast problem »*j, I i uif 1 ~e t the aoin object cf the 




2J_at i.uguet, 19^3 
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^ These investigations have a tearing cr. the 
M &Sgg;j.hg and Health" problem, and therefore I suggest 
ild consider whether any of the results should 
available to the Tobacco Research Council, 



a'osLrb 


iuDl 


An important part of this work C-0-9 *215] has 
cerned with tracing what happens to nicotine 
cdy when it is absorbed as smoke or injected 
nical either into the blood stream or under the 
In each of these cases the results support the 
y held view that the physiological effects of 
arise from the alkaloid nicotine. Important 
e new information has, however, be er.^ found cut 
e extent to which people really inhale, and what 
ics3 this makes to the amount of nicotine they - 
In addition, the speed cf response to nicotine 
kime the effects last have beer, investigated, 
nip of researches has gone -under one name 01 


These results are of trsi: interest ir.^eltir.. 


be much in our minds in developing the new type cigarette 
"Anlll ri . Therefore 1 suggest should r.ot uisclcss tui 
information at the t re sent time . 



r.e t re sent 


re3*ul t is to shew that the* action 0 : r.ucooone is 
distinct from that cf ressmins and does r.oc r.avs ce«»-—* 



CO ,4 

-> 4 
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natural reaction to stress. This reacti: 
brain and leads ta the release of a succ*: 
al substances Chemar.es ] which culminate i: 
anci in the bleed of ccrticsgeeroida and g- 
anbatar.ce3, for example in a frightened an: 

it tc release a curat cf ru3cular energy ■ 
amger, Ir. nan this reaction is rare soprl 
•ovldss for reaction to cental stress and hi 
response. The present-day' human reaccic; 
moat people sane what halting, amd cany '*:! 
nit to stand up to the pace and impacts cf 
meat without sore external assistance, 
tte, by ceans of its nicotine, does this b; 

N and enhancing the body's natural reaction 
„ ia quite distinct from that cf traaquilli: 
,vt'a which certly deaden antagonistic react: 


:arts 
: cf 


scare 

:ate.d- 

stres s 



jlllillg These researches have, in addition, shown that* - 
thf "corticosteroids, which are released in the blood by 
th|^|^ion of nicotine and produce the above effects, 
algiyligt directly against obesity. They do this by a 
thrle-'itage process, Firstly,.fat is mobilised from 
i^Wli^osits amd brought into the blood stream; secondly, 
itjs^ liajabalism and disposal is accelerated and, thirdly, 
appifclj* la reduced. 

Thera is a subsidiary anti-diuretic effect, 
already well-hr.own cut which has been verified in the 
pr||gag8^ experiments for the sake of coupler cue 3 3 . It 
doeJg^|jt seem to be important either positively or 

?.e se rpir.e f the we 11 -knewr tranquilli s e r, 
clg^sjall pituitary functions and an intort ant part 
cfPr~f'a work has been to show that, on the contrary*, 
ni^^y.e , ir. the doses that can be obtained by sacking, 
hapiTcH effect or., that is, dcea not block the - 


a] Go made trethi 

b] -hyrt trot hit 


ir. releasing factors 


releasing factors, n 
releasing faotor. 


rum r.as snow 


Cr. the ether hand, it rn: be rentier-i tnat 
howr. nicotine releases nor-adrer.nlir.e , w-ion 


is a vasoconstrictor, and increases bleed pressure. 
however r.c cne. except the fanatics, have clearer tris 
to be a dinger, and - understand the majority ctir.i:r. 
is now that arching is not signiitant it me ca. 


vascular crcbler. 
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'urda 


Ihe people who ctpose snaking do 30 cr. the 
that it ia an important contributory cause 


-'■iT -5 cancer ani “.".a: it 13 


nacit witr. 


:hing to be 3 aid tor 10 ether that*. :ha: it ia 
3 . 3 -jracla, Ones giver. up it would seen "be ftrgcTrsn. 
la ny opinion that the results I have described shew, 
.3 vit-jr to he, untenable . Nice tin* ia a wonderfully’ 
:a fic ant. drug which doea not, lik* morphine , sleeping 
.la or even dexadrin, lead to cumulative addiction, 

:pie keep to their smoking hadits over years. If 
:otine were not known its discovery would he claimed 
More of the great medical advances 0f the day. 




0 t! 

itself’ 


is built up th* psychological aspects of smoking‘l 1 ’ • 
** so strong and so important, hut these only‘arise 
mlt of the physiological effects being associated 
lory process with a cigarette. Thus a smoker 
feels calmed as he takes a cigarette from his 
mdeed, it can ce" shown that there is a physio- 
response baaed an subconscious'memory even 
:he first tuff is taken. 


The intortant result of this research nirrO 
it gives'an experimental basis for believing 
s tobacco industry is carrying out an eesentia—. 
luacle service for the public. it is my con2i_e.i 
, that the tobacco industry has no reason to a—ow 
|t0 be rushed onto the defensive; _on the^ contra-/ 


01' ccm 
carry! 
It ns 
meatie 


flic benefits. The industry could sa_ 2l'/ m.. .^ 
f^sre may be aons undesirable features in J«e r ---= 
auaaion. a i a-e aacacca aaai aaa.r, cut ia ia 
r_a oua reaaar:'. ac air.d zaahada ca 
also recognised that eons "me3 V .’1' # T'“11 *7-?*• - 

would be ;v*!L liv-.sed r.3t cu- '-’lit let*I’* 


internant research is sup to 
group mors precisely. 


to del ms mis 
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triia poll-/ decision vhsT'r.sr it would be ir. the beat 
inters acs c i the industry - 

3*3 to l-ceep this natanal confidential 

or 

h ] to keep the material confidential but 
shew 1- to 7.1. R. C. and the 
7o rschung3 1 e 11 e ir. Ge many, 

or 

hy . j p ] . additionally to .show it .to our friends 
ajlW ♦. ir. redid! circles '/■ J5 uc b*_as Kadicw, ;•. 

W* no dda ,■ :ifarri an! --'Roe' f -^ s t e .vu^y*- d- "<;!-■!• 


The question, of publication in a scientific 
scarcely arises at this stage since the results 
k a TjJI&' fc -written up for that purpose. 




LgJ Rather special consideration is requi: 
li^when and how the .HIRrO reports should be 
|.uiswille, Montreal, Far burg and Sydney, 
tatery much a natter of Group research and ; 
Ldlbe disclosed to then before being shown 
body, I should have thought ir. - this casi 
^ion would beat be net by a confidential 1: 


losing the polity issue involved and pointir~ 
Ttare was little point in sending ov-r the 
h!b : al papers until these had survived the c: 
ai^al of* cur cv?n ercterts in this country. 


I reccnnand the Ccnnittee sh=uld_authori3s tha' 
lowing reports should be 3ant to T.r. ,C. - 

Rir.al Retort on HTRGC I, dated lanuioV lro2.- 



Retort ::c. 1 


o r. —.r cG -»i — — • - — * —- 






I further n -- - ~ ~ that renders :: the ^.-1. 

Ccnnlttee * s -detiiitr.r ^5 




Ccpy of these three retorts 
sen: to the Chairman. 
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of research 
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the report 
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you 
of action 


jour vie'w 


whichB.A.T. had sponsored at the Battelie Research 
a showing the oenefieixi effects of nicotine on the 
. decided to make this research available to the T. R.C. 
eing evaluated by T. R. C. '3 outside medical experts, 
rts indicate that these experts think the Battelie work 
ce of research. It was always contemplated that if 
t up scientifically it might be desirable to get them 
U. S. Surgeon General's Committee. 

.d, of T. R. C., is to-day sending copies to T. I- R. C. 
at they consider whether it would help the U.*5. Industry 
to be passed oa to the Surgeon General's Committee. 

.ought you should have this information in case you or 
;agues in Louisville might for any reason think this course 
ble. 

d you please let me know as soon as you get back what 

/Uvt' 
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Chapter 2 


CONDUCT OF THE STUDY 

Tr.s work of the Surzmn Cenr ml*? Advi-wirv Cnmmillci' *-n Snmkinz ; -.»i 
n«;s!i was u iidcrinkm. ■ •ruinii/.i’d. .mil pursued with i ud<*| »»■ ndrmv. a *!■■■ ■> 
of responsibility. .inti with full anprrrt.ninn nf Lite nalimuil important v 
•■( trie task. The l.oinmillnc’i cmistant de.-irc u.v» to earn out in it.* n 
".iv. w ilh t!best *vblnin;ih!c advire ami i imiiei atinn frotn cxpcrl* oni-nt.- 
ii* membership. a thnn»uuli mid idij'* ( 'iivr r<*» low and rt uUiLiliori c*T a* ail.a. 
infnrTr.aiion uhnul 1 1 1■ * i-lfi-rts ■ .\ ihu ;i««* <if varimi* form* nf pih.-itrn iim"" 
health of human bcinzs. It desired tliat the Rrpim n\ its Kludics an cl jtidc- 
nirtiL&siiould be unqiicsiiuu.iMv the product nf it* labor? and its authorship. 
^ ilh mvb nfl L cii jou? amount «it’ assistance front 155 consultants, from mcmi- ; ? 
and olglPfaTcl uf the supnnrtinz staff, anti from snvrru! nrpaimaiinns and 
ip.sniifTionj. die Committee feels that a document nf adequate scope. inlczriu . 
anil has been produced. It is emphasized. however, that ::.e 

*'* the lleport arc the sole responsibility *>f : ; 

Com rfnjeeTt 

At the Sureeon C>‘i:erai emphasized hi* respect for the freedom 

•f t!;e | . | ~i- .i ^^ ^ , .ce to proceed with :hr study and to report as it saw fit. and he 
! icdzftrWsuspnort possible from the United State? Public* Health .’turv:i , ‘ 
The i hirih U\ id,- nifu r. the N.itiuti;;! In.-lilutes »»f [[e:d'.h. 

the Xa'.io|ai Library of Medicine. the Hurcau nf State Services, and t!ie N.f 
| :iuu;ip$S^§l§'or Health Statistics, furnished the able and devoted personnel 
| that rysgUgtutcri the stall at the Committee's headquarters in TC'ashinslon. .r-.d 
| pr>jvi^^^^^traordin:iry varirtv ami volume of supplies, facilities and r • 
"'yrr«r*Tn ! fflJdition. the necessary financial support "as made available i>y 

ft i; rnosc of tin* ***'.*:*i:t Jo present an uutlinr ul the impm 

h-atu r.jb^p prnc manner in wine:: the Committee vnductcd its ,-tudv ami c 
pu-^-IrhtyTE'sor:. A rrirv-;outline •-{ procedures arid cwnts let:-:* ; 
urn .mcc ot v»rde.';:::c*s that did r.m pvrt.dn at ail times. A 

: st tto be tnudifn’d l:::sr t-» tune a? r.rv. iim** »>i it:*;uir> 

mo l fd explorations. At first an •■nevniopedie approach was c-.. 

*>di-rT: tt|de^ with all aspects ■ •f the u*e «*f tobacco and the resultin'.: encit*. 

ilh mmm--- aspects of air pollution, and ail pertinent character:.*tics 
the cMcrr.al and internal e:i. i.-or.immli and make-up of human bcinzs. 

*i.nn found to be impracticable t*» attempt to *io all of tins in any nv.sc”- 
jblc icnztli of time, and ccriamiv not under the urgencies of the existi.-.e 
•huation. The final plan was t-a zivc particular attention to the c*»rcs of pr- • 
terns c; the relationship of uses nf tobacco, especially the stnokinz nt . . 
relics. :a the health of men and women, primarily in the Lnited Ztates. . 
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10 deal with the material from bath a general viewpoint and on the basis ot 
disease categories. 

As may he >eun in a irltmctr at the Table of Content.* uf this H«a|rt. the main 
topical divisions of the study were: 

• Tobacco and tobacco smoke, chemical and physical characteristics 
(Chapter Gi. 

• Nicotine, pharmacology and toxicology ■ Chapter 7 1 . 

• Mortality. genera: and specific. accmdine t» age. sex. dlsca.-c. and smok¬ 
ing habits. and other factors > Chapter 'J1. 

• Cancer of the lungs ant] other organs: carcinugcncsis: pathology, ana 

epidemiology > Chapter 9). • 

• Non-neopiastic diseases of the respiratory tract, particularly chronic, 

broachitis and emphysema, with some consideration of the effects of : 
air pollution •Chapter LO». ‘ 

• Cartlio\ sstular lii.-cascs. pjrlicuiari\ coronarv artcrv diseases i Chapter 

Hi. ... . 

• Other conditions, a miscellany including gastric and duodenal ulcer, 
periualaIl^dtisoru^rs. tobacco amblyopia, accidents < Chapter 121. j» 

of the tobacco habit and beneficial effects of tobacco 


• Characteri 
i Chapter 

• Psycho-? 

• Mtjrnhoi 
As the pri: 

smoking and 
information a 
and most ’inn 
Library of M 
hihette—-.oir 

JO' U!) t 

so lieNa 

ra jv au 




ects of smoking ■ Chapter 14- 1 . 
ci|nsiitution of smokers iChapter 13- 

y of the Committee was to asses* information about 
major ceneral requirement was that of making the 
That requirement was met in three ways. The first 
as the hihltosrapiiic -ervice provided by the National 
As the annmatvrl monograph by Larson, llaag. and 
m fttore than G.ObO articles published in some 1.200 
rgeiy into 1950—was available as a basic reference 
arary of Medicine was requested to compile a biblioe* 
and by subject! covering the world literature from 1953 

„ r _-/esent^^^J^^j&Ripliance with this request, the National Library of 

Medicine tu.rhfshed tjje Committee bibliographies containing approximately 
1100 titles. t^^^P^wely. the Committee rial! was housed in the National 
Library of MeoTc h p ^ or. the grounds the National Institutes of Health. . 
and through <ttj$PRca:ion had read-, access to books and periodicals, as 
well as to fciefttTstTwljrkinE in its field «'i interests. Modern apparatus :c.‘ 
photo-rearoearticles was used constant!v to provide copies r.cecta 
far itticiv V v r-.en.bcjsl •>:" the Committee, in audition. the members ur«" 
tis-: iihrululiocrr.uiiic ftr'icc* of those institutions m «nic. 
tnev hcSJ *itions. A considerable ^oiume of copies nt reports 

and a numbcrfaTsoecnlal articles were received from a varidty ot addiuonii 




sources. 

All nf the inajoTclmpanies manufacturing cieareties and other tobacco 
products were kwiletl to submit statements jnd anv information pertinenttc 
the inquiry. The replies which were received were taken into consideratios 
by the Committee, 

Through a svstem of contracts with individuals competent in certain fie«U 
special reports were prepared for the use of the Committee. Through these 


U 


sources much valuable inform; 
unpublished. 

In .uhlititm to ili.- j.if 
fereners. seminar-like ’istt?*.in 
niadu available to the Cr,nin:i: 
able amount of wcil-in formed 

Tn deal in depth and di-crir 
mitlec at its l» r-t nu-cLin; f«< rr 
membership. These suln.urr.ir 
tion. analysis, and evaluation 
reports, discussions at cnnfcrc 
reprogrammed and carried ou 
These will be ackimwieilred rr 
formulations nt coneiusinns " 
were submitted to the full C«n* 
At the bcginninc, and ui:t: 
executive session, it had the a 
servers from other Federal a; 
fnlUminc agencies: Executive 
Federal Trade Commission. Q 
culture, and the Food and Drt 
reever* ami reporters to the. 
written communication, they 
information. 

There were an uncounted nu 
lc*>er gatherings. Between N 
Committee held nine sessions e 
ton or Bethea da. The main r 
November, and December lVC 
critical scrutiny nf conclusions 
tiun and editing of this contort 



ih.*:: o—«-* 
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■■ Modern ipl^atus lor 
:o pro\ :tie ^fere|^ needed 

• me lit copi<^^|t r c n orts 
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Health. 
|oj| cats. as 
SSratus lor 
J, ejf deeded 


■'cues an.n o 
information 
taken into ^ 



pfrenorts 

4?itional 


sourrei much valuable information was obtained; some of it new and hitherto 
unpublished. 

In addition to the iticcial reports prrpan’tl under cuulrucir. many inn- 
fcrenccs. seminar-like meetings. consultations, visits and correspondence 
made available to the Committee a laruc amount of material anti a consider¬ 
able amount of tveil-infurmed and well-reasoned opinion and advice. 

To seal in depth and discrimination with the topics lifted above. '.He Coin- 
raiiiee at its first meeting funned sul»*iimm»llurs with mu>*l> mrriappiiiu in 
membership. These subcommittees were the main forces engaged in cullcc- 
lion, analysis, and evaluation o( data from published reports, contractual 
reports, discussions at conferences, and from some new prospective studies 
reprogrammed and carried out generously at the request of the Committee. 
These will be acknowledged more fully elsewhere in this Report. The first 
formulations of conclusions were made by these subcommittees, and these 
were submitted to the full .Committee fur revision and adoption aflcr debate. 

At the beginning, and until the Committee began to meet routinely in 
rxcvuiive session, it had the advantage of attendance at its meetings of ob- 
scnp**Jrom other Federal agencies. There were representatives from the 
follqvyip^iencies: Executive Office of the President of the United State?. 
FedfrSi Trade Commission. Department of Commerce. Department of Agri¬ 
culture. artli;:the Pood and Drug Administration. Serving as more than ob- 
«ervjbr F^iid j reporters to their agencies, when they were present or bv 
writral^Kmimunication. they supplied the Committee with much useiul 
iniorm s jtio.a$ 

TjraSfepif're an uncounted number ■ meetings of subcommittees and oilier 
k>5f Hm|in;s- Between November 1902 and December 1063. the lull 
Committeefield nine sessions each lasting iroin two to four days in Washing¬ 
ton ^^^g^wsda. The main matters considered at the meetings in October. 
November, jind December 1963 were the review and revision of chapters. 
criifwPIPIrafinv of conclusions, and the innumerable details of the cuinpofi- 
editing of this comprehensive Report. 
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Project II 

The working cf this project is extremely vague. The 
first thing to a s certain is whether nicotine is affecting the 
hypothalarao-pituitary system by releasing adrenaline from the 
•erm\ medulla. The object of the experiments proposed (and 

Le have not yet done any work on these lines) is to demonstrate 
Lease of corticosteroids by radioactive tracer techniques. Such 
flues may be suitable for cnimals, but will not be suitable for 
Agents on human beings. Y7c are proposing to ncasure corticosteroids 
igate fluoromewhich method will be applicable to 
and human beijffa* This work closely parallels our own and some 
of Professor ifut^Xcl X believe Battelle might be capable of 
lg some data mt^^i^^ckly than we shall but this is not a race 
is the quality work that matters. 
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These expcrimen 
and many cas 


Now that the 
uld, as a matte 
pharmacology is 
ch. At the ci 
tories are ado 
ing. I perso 
chat Battelle 
d dried as the 




re far too prenature for consideration at the 
11c have shown themselves to be quite 
rcotactic techniques. 

has-its own Pharmacological Laboratories 
plicy, undertake its own pharmacological re search; 
ect which docs not readily lend itself to contract 
c size and scopo of the Pharmacological 
r the programme of research we are 
not think that T.R.C. should sponsor any 
Project I would not I think turn out to be as 
e workers seem to think and the estimate of 
to £9,000 given to me by Dr, Gcissblihlcr for carrying out these 
eriments seems extremely high, considering all the experimental 
s have already boon worked out. X do not think this would be 
11 spent. 





A.K.A. 

23rd August, 1963. 
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VISIT TO BATTILI2 INSTITUTE, GENEVA, 8th d 9th AUGUST. 1963 . 




The object of ay via it to Geneva was to meet Drs. Haaelboch, Libet 
and C-eisabdhlor (the anchors of the four Battelle reporta), to discuss the 
ambiguities and omissions in their reports and to see if Battelle could 
usefully supplement the pharmacological end biochemical research tre ehali be 
doing at Harrogate. 

Uoat of the experimental work of the H1FFO reports was done by 
Libet, who is not a pharmacologist, and in consequence she was attempting 
to do work for which she nas not qualified. Neither Professor Bum nor 
self are impressed tilth the HIPPO work. The work of the fourth report 
"The fate of nicotine In the body" appears to be ouch sounder as 

s .Ceissbdhler andj^aselbach are bio chemists. Even this report, however, 
a poorly presented, th<mjgfei I believe there is eonc good work In it. It 

that Battalia undertake mary research projects, so that 
n their undivided attention for any length of time, 
ork sufftra from this part-time approach. I 
Dr. Hasclbach and his colleagues and got the 
re given a very short term and precise project, 
supervision, they would do it competently, 
nicotine in the body" offers far too much 
gbj rabbling on. After much consideration I do not 
ms which fall Into this category that we 
etently ourselves. 

is it report is a progracise of research to 
ct HIPPO and "Hie fa to of nicotine in the body" 
e Britiah-American Tobacco Company. I took 
more precisely what the Battelle workers were 


ould be remember 
one project is 
baileys all the 
.pent a oouple of 
prossion that if 
that required litt 
A project like "Tb 
ipe and ia apt t 
onsider ve 

nnot t more 






allow u? findings 
uggested by Batte 
he opportunity to 
tending to do. 



.11 



eet I 

The work |nvisag^d nould require the uso of randomly C" 11 * - - lobe lied 
.jiieotins in pref er^Wi^w|t ho me thy 1- lab ell ad isotope. In this way 
b ohould be posaii^gfeg^dentify some of the unknown metabolites which 
under these cir cum Stances 'would be tagged. Experiments would bo mads 
n four eaokors (2 inhalers, 2 non-inhalers) and four dogs. Data of 
Pig- 11 and Fig. 12 would, ba obtained from the experiments on human 
makers and. the experiments on dogs would provide absorption c.nd 
elimination data on ana and the samo animal. No tissue determinations 
Id bo done initially. I think this is an interesting project and 
if'properly carriod out It might produce some important resulta. 
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Z 7 th February, 1964 
rdt. -~ l *i!i* 



PRIVATE A_ND COKFIDENTIXL 


Qh*ri*« mi*, r.R.s., 
ti*h-Aa*rican Tabicco Co. Ltd*, 
tain»t«r Hou**, 

¥§ Hlllbuk, 
don, S.V.l. 





uu fjs C&wln, 




According to Dr. G*i**blUil*r th* *tat*nent you 
• it th* Brown*# Kotol on yabruary 11th., 19^4, 
Carding th* HIPPO PROJECT wu a* follow*; 

"Th* imp* tu* of HIPPO work ha* h*lp*d th* 
tobacco industry to tak* a po*itiw* attitude 
to th* b«n*flclal «ff*at* of ndcotin*. V* 
hav* u*«d th* c«o»7a1 rttulta of thi* work 
r*p*at*dl 7 la thi# direction, and a* r«farda 
BAT/Batt*ll* w* ar* *atir*ly satisfied. 

V* ax* avar*, hov*v«r, that it i* difficult 
to maintain th* scisntifie valu* of HIPPO 
work, a^ainjt skilled critlciia," 




VS/RS 



s>X~.LU<$^ 


tn 

fO 

ru 

ui 

u> 

CD 

OJ 


0/g 

■■■IK 




rr 

-r 

■ ym 2 


RgS 


U> —t rf 


C\ - 


>-v. • t 




http ://legacyJibrary.ucsf.ec®(^j6§r(W^daQI5(wtf/w.industrydocuments.ucsf.edu/docs/flxl0001 


V 

Is ■■ 

V. ■ 

r 

fe : 

& 



















■ocnvjcm 















http://regacy.library.uGsf.edu/trd/igr07a00/p(Sourc^: https://wWw'.i ndustrydScumefttsTdcsf. edu/dbcs7flxl0001 



















































































Review of Activities, 1963-66 






Published by 

Tobacco Research Council 

Glen House, Sag Place, Loadoa swi 



Designed by 

Ruaci McLean Associates, 29 ViHiers Street, London wci 

Printed and bound in Gnat Britain by 

W* fie J, Mackay & Co Ltd, Chatham, Kent 


http://legacyJibrary.ucsf.e(fii(^j6§r(W^daQ^«lt/w.industrydocuments.ucsf.edu/docs/flxl0001 



88/..G9C0S9 




Contents 




The Councils Committees, Officers and Consultants 7 

:: Introduction 15 

General Survey ' 17 

Summaries of resja^rch projects and experiments a8 

Part LTOBAliCo SMOKE: BIO-ASSAY 

Section 1. Ti 'iQJLa&g-aton'eSj Harrogate 29 

1. Mouse 25) 

atal techniques 3 1 

sis 32 

"Projects by Independent Scientists 3 3 

flue-cured and air-cured tobaccos 33 

of carcinogenic activity (Professor F. Dickens) 33 

34 



3, Nicodn^cOTtacosteroids and tumours 

(Profes sor H. Buttle) 

4. Compas|g«ra^cigar and cigarette smoke 
(Profcssbr|l. I?. Passey) 

j. Carcinogenesis in new-born mice (Mrs A- Flaks) 

6 . Stimulation of hvdroxylation in liver (Dc D. V. Parke) 

7. Respiratory cell proliferation (Professor L. Lamerton) 

^ 8. Asbestos, lung cancer aod mesothelioma (Dr F. J. C. Roe) 


35 

3 6 
3<S 

37 
37 


BEST IMAGE 


M 




http://legacy.library.ucsf. eduairiiipQ7ilf|aafp(^ww.industrydocuments. ucsf.edu/docs/flxl0001 





Par: II. TOBACCO SMOKE: CHEMICAL RESEARCH 



Section i. Chemistry Department, TRC Laboratories , Harrogate 3 3 

Section 2. Chemical Research bj Independent Scientists 

possible lactones in smoke condensate (Dr D. K. Black) 41 

Parcptff-feRSONAL, ENVIRONMENTAL AND OTHER 

Factors in diseases associated with 
Rj»ING 

Sect ion i jC ardio-resbiratan Disease Research Project 43 

D. D. Reid) 

SCancer and Bronchitis 48 

cancer and bronchids mortality in Northern Ireland 48 
W DrG. Dean, Mr A. J. Wicken) 

P«ps|?§^g cancer and bronchids mortality in areas of North- 
kaa sEaat England (Mr A. J. Wicken, Dr S. F. Buck) 48 


'dels fot use in invesdgating the risk of mortality from 
^ canccc and bronchids (Dr S. F. Buck, Mr A. J. Wicken) 49 


а. Sra bkc and sulphur dioxide In relation to lung cancer and 

«®^§ffinchids mortality (Dr S. F. Buck, Mr D. A, Brown) 50 

^ cancer in the Channel Islands (Dr G. Dean) J1 

б . Lung cancer in rural South Africa (Dr G. Dean) j 1 

7. Bronchids in celadon to lung cancer (Dr E. N. Davev, ja 

Dr VC'. E. H. Field) 

3 . Study of respiratory diseases (Dr S. Cacnc) jj 

o. Smoking and airways resistance (Dr C. M. Fletcher) 53 

to. Exfoliative cytology of the respiratory tract j 4 

(Professor C. V. Harrison. Dc S. W. A. Kuper) 

:Neuraminic acid and bronchitis (Dc L. Reid. Dr E. E. Keai) j j 

» a. Psychosomatic factors in relation to lung cancer 
(Dc D. M. Kisscn) 




http ://legacy.library.ucsf.ed8di£t(i§c(R^ffi)/|Wilvw.industrydocuments. ucsf.edu/docs/flxl0001 


650363730 



Section 5. Cardiovascular Disease J S 

i. Morphologv and pathogenesis of atherosclerotic plaques 5 3 

(Dr X. W oolf) 

-♦ Dietary erects in the cormacion of atherosclerotic plaques 

ar.d thrombi and the effects of nicotine on rat metabolism 59 
(Processor T. Crawford) 



5. Lipids in arterial disease (Professor R. Mahler) 6: 

4. Metabolism of lipids in normal and atherosclerotic arteries 6a 

(Mr D. E. Bowycr) 

j. Metabolic defects in. the arterial wall in relation to coronary 

and quebnl ischaemic disease (Professor C. W. M. Adams) 6a 

6. BlooipKbaghlability and platelet adhesiveness in relation to 

atheroma (professor H. W. Fullerton) 65 


7. Erfedi 

(Drl 

8 . Fact<| 

9. MetJ 




poking on the cardiovascular system 
illingtord) 

;cd to vascular disease (Dr K. J. Kingsbury) 

and the cardiovascular system 
|T. J. H. Butterfield) 


10P Recu^^iicrocirculation in vascular disease 


Section 4 . § 

Smokini 
(Dr | 

Section j. p 

DifFercili 
and wok 



|ollcry) 

^eights and Perinatal Mortality 

X 

Ration to birth weights and perinatal mortality 
iutier) 

\:tset of Death 

Inottility patterns of South African born men 
British and other immigrants to South Africa, 


and residents bf England and Wales (Dr G. Dean) 

PartIV. PSYCHOLOGICAL ASPECTS OF SMOKING 


1. Some correlates of smoking (Dr F. E. Emery) 

a. Behavioural effect of nicotine absorbed during smoking 
(Professor H. J. Eysenck) 




http://legacy.library.ucsf.edffl r tid/ipfORap§/tiieWA/w.industrydocuments.ucsf.edu/docs/flxl0001 


650363791 







Parc V. PHARMACOLOGICAL ASPECTS OF 
SMOKING 

Sation t. Pharmacological Research at TRC Laboratories, Harrogate 77 

Section 1 . Pharmacological Research bj Independent Scientists 3o 

tf -^har^nacological actions of nicotine and related alkaloids 

tobacco smoke oa the central nervous system 80 

r(Dr M. S. G. Clark) 

4 ^T|rir|nacological actions of nicotine on the peripheral 
p^-iuraifeomic nervous system (Dr S. K. Vanov) 3 x 

If^yilnuonship bereveen chemical structure and nicocine-like 
pii£gg&f|cy (Dr R. B. Barlow) 33 

l^^^tine absorption and metabolism in man S 4 

^ |""P > f^ ' essoc ^ cc ^ ctc ) 

fcggEffccts of nicotine-likc and muscarine-like compounds on 
g Q|cc entral nervous system (Dr E- Marlev) 84 

Parcel. GiENERAL MEDICAL RESEARCH 

bxmuS to&r: a jid (Saucer 36 

thymus, immuairr and tumours (Dr J. F. A. P. Miller) S 6 

'r. Recession of chemically induced tumours and 
l^^^funological mechanisms (Professor Sic Alexander Haddow) S 3 

P^r|M^BACKGROUND INFORMATION RELATING 
jTOSMOKING 

Section 1 . Statistical 50 

j. Scads ties of smoking in the UK 90 

-■ Cigarette smoking characteristics in the UK. South 

Africa and Australia «;o 

Tobacco consumption in various countries 90 

a. Reliability of statements about smoking habits so 

Section 1 . Chemical c 1 

bibliography of tobacco smoke constituents ot 

pud- :snr.D papers 

Aipvrs by the Sciencitlc Staif of TRC i.abu rr.cn ties 9a 

I'RCR dearth P.:tiers oa 



a W ' } r J 


smmm, 


http://legacyJibrary.ucsf.e<fii(^j6§r(W^dM(wtf/w. industrydocuments.ucsf.edu/docs/flxl0001 


650369792 




£6£G9C0S9 


-V- . .. !•;?> : . 

: «* 1 * • • , •« , *“ . • v*w‘. a •!• U 

' . * % * ’ ' Vi f * ^ \ - 


Z8LS 6S32S 

.eBu7tfd?igr0^^ nte.ucsf ’edtPcfS 6S^F6o0 f 


■«V v# 

/ '$?4j 




Cottnoil's Committees, 
Officers and Consultants 













<A 


Tobacco Research Council 



Chairman 
Carreras Ltd 

Britt sh-A.»nrican Tobacco Co Ltd 
The Imperial Tobacco Co Ltd 
Gallaher Ltd 

.British-American Tobacco Co Ltd 
The Imperial Tobacco Co Ltd 
Godfrey Phillips Ltd 
Godfrey Phillips Ltd 
Carreras Ltd 
c Gallaher Ltd 



Executive Comrmhe\ 
Sir Philip RogerSjCBE * 
C A. C BulpinLv^lv.^ 
C. H. Cements 
A- D. McCormick 
P, A. Godfrey Phillips 


Chairman 
Carreras Ltd 

The Imperial Tobacco Co Ltd 
British-American Tobacco Co Ltd 
Godfrey Phillips Ltd 



A._W. H. Scewart-Moocc Gallaher Ltd 


Kr-^-T-r-v 




v. 

% - 

■s' 1 " 

■H 


wwmt 


wmm 


http ://legacy.library.ucsf.edfiytid/igjORHp©/0^w.industrydocuments.ucsf.edu/docs/flxl0001 


650369795 


vr ~* j v..* 


.]■ 



Scientific Advisory Committees to the Tobacco Research 
Council 





- ; ?T._ 




.*■ T- “ 



Technical Sub-committee 

Chairman 
Deputy Chairman 

MA, b SC, JD PHIL The Imperial Tobacco Co Ltd 
, ma, BSC, dphil British-American Tobacco Co Ltd 
ur, ba, b sc Godfrey Phillips Ltd 

^dsc, pkd, faic Carreras Ltd 
V. D. Tughan, msc, phd, aric Gallaher Ltd 


S tatisf$imMk%b - committee 
Sic Philip Rogers, cbe 
P. Cross, BSC, DIP STATS 
J. C. Gilmour, ba, bsc 
B. G. Newcombe, ba 
W. S. Paige, bsc 
F. B. Rosad, ma 


Chairman 
Gallaher Ltd 
Godfrey Phillips Ltd 
British-American Tobacco Co Ltd 
The Imperial Tobacco Co Ltd 
Carreras Ltd 



idvCd-y • 


TO 




•lauK^’ 


http://legacyJibrary.ucsf.e(fii(^j6§r(W^daQ^«tf/w.industrydocuments.ucsf.edu/docs/flxl0001 


650363796 



-Agricultural Chemicals Study Group 

V. D. Tughan, MSC, PHD, AKtC Chairman 
B, J. Carpenter, BSC, phd, aiuc Carreras Ltd 



H. Gaisch, phd 

G, H. Gefferc, bsc, fric 

D. J. Wood, ba 


Ga linker Ltd 


The Imperial Tobacco Co Ltd 
British-American Tobacco Co Ltd 





Chemistry SftMy Group 



D. G. I. Felton,| 
C, I. Avres, b sej 


DP HU, Chairman 


British-American Tobacco Co Ltd 


B. J. Carpenter Jbsc, phd, a.rig Carreras Ltd 


H, Che^tcrf.ct 


P. WJ 


jy, B^HD 


i phd The Imperial Tobacco Co Ltd 

\ 

\ Qallaher Ltd 



J, C. Gilmour, Ba, bsc! 


Godfrey Phillips Ltd 



Pharmacology \ Study x Group 



H. K. Bcndey, 

P. W. BroTPa, bsc 


d PHn. Chairman 

Carreras Ltd 



I, W. Hughes, 3 SC, phd, DPhil British-American Tobacco Co Ltd 
D. J. Mackenzie, bsc, phd Gallaher Ltd 


' n | 

;•; • $■■■., 

!■_;» 0- f 




http ://legacy.library.ucsf.edffi'tid^OBfttp©/^divw.industrydocuments.ucsf.edu/docs/flxl0001 


650369797 






Respiratory Study Group 

V. D. Tughan, msc, pkd, aric Chairman 


P. W. Brown, bsg 

J- G - aeuc 


Carreras Ltd 


H. GaSch, phd 


The Imperial Tobacco Co Ltd 
Gallaber Ltd 



bsg, phd, Dphiz. British-American Tobacco Co ljd 



M C# 



\kin ISS%§J<z)' Study Group 


R. Co 


DSC, PHD, frig Chairman 



MA, ARIC 


SC, PHD 


H. Fclichtv.-a^gcc, BSC 
H. Giisch, phd 


The Imperial Tobacco Co Ltd 
British-American Tobacco Co Ltd 
Carreras Ltd 
Gallaher Ltd 


<<i\ 


\#\ 

\ V\\ 

w 




http ://legacyJibrary.ucsf.e(fii(^j6§r(W^DaQI5(s«lt/w.industrydocuments.ucsf.edu/docs/flxl0001 



650369798 






Officers of the Council 




Director G.'F. Todd, obe, ma, butt, ca 
Assistant Director R. M. Macrae, use, PHD, Mm roc 
Secretary H. B. Grice 
Accountant D. R. Emery, aacca 


Tobacco Research Council Laboratories 

Otlej Road, Harrogate 

Director T. D. Day, ma, MD, FC path 
Victor Designate F. Dickcos, frs, ma, dsc, 

PHD, Die 

Head of $jj &yru 0 y Department J. K. Whitehead, MSC, phd, 

ARCS, Drc, ARIC 



Consultants t 

Consultant 
Professor J. H. 
Professor W. 



Department A. K. Armicagc, MA, D PHIL 
Department B. R. Davis, mb, Chb, dcp 


Tobacco Research Council 
Field of Consultation 
Pharmacology 


Physics with special reference to 
radiation physics 



Dr F. J. C Roc, dm, dsc 


Pathology 


Professor P. L. Broadhursc, ma, phd Psychopharmacology 


1 5 


.ht- -■mmmmm&ffim:.-: :r "OTi' 

http ://legacy.library.ucsf.edQifti£t(i§i:Oyt^ffi)/|Wivw.industrydocuments.ucsf.edu/docs/flxl0001 












Introduction 





A Renew of Pas: end Current Activities was published bv the Tobacco Research 
Council in January 1905. Although the results of a considerable volume of 
research on various aspects of smoking and health have been published since 
then, either by the Council itself or by scientific workers assisted by it, the 
present Review is the first comprehensive account of die Council’s activities 
since 1965. The various projects and experiments to which it refers in broad 
outline are described in greater detail in the Summaries of Research Projects and 
Experiments (pp. htS 

The British toiggfiiljiadustry has supported research inco smoking and 
health since 19 5 .jif' : 'and a permanent organisadon, then known as the Tobacco 
^Manufacturers* Committee, was set up in 1956. The past few years, 

however, have s|&Gi|fe&ery considerable increase in the volume of research 
and important changes jn the manner in which it is conducted; and it was for 
this reason that Tobacco Research Council was adopted in 195}. 

Every company| gaa&wfa cturing tobacco products in the United Kingdom, 
whether tor the homemade or for export, is directly or indirectly represented 
^pn the Council, 

According t 
those IjPffipreG 
in touf£$$s|th re 
tobsffitp^gokin 
Standing Com: 



on the Committee. 

const:tudon the primary objectives of the Council like 
are "to conduct, promote and co-operate in and keep 
into all questions concerning the rcladoaship between 
ealth’\ In its early days the Tobacco Manufacturers' 
pproach to these objectives was to finance, or assist 
rojects initiated by other research orgaoisadons or 
furnish them with materials, such as condensate from 
provide chemical and stadstical informadon. Since 
d latterly the Council, has taken an increasing pare in 
and has to a large extent assumed responsibility for 
c turning-point in this development came in 1961, 
to build laboratories at Harrogate. These came inco 
196a, and have since been greaciv enlarged. 

•at Harrogate and at its headquarters in London, now 
pendirure during each of the past two years, including 
capital expenditure at Harrogate and grants to independent scientists, has 
been about £730,000. In addidon, a considerable amount of research is 
carried out in the laboratories of Member Companies. 

The manufacturers directly represented on the Council have agreed to 
pool all informadon arising from their research in the UK that might be 
significant for health. Agreements to exchange informadon have also been 
concluded during the period between the Council and similar organisations 


in financing, re 
individual works 
cigarette smok 
then the Comm 
initiating new 
carrying them 
when it was c 
operadonin Se 
The Councils s 
numbers about 
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in Europe. The Council has long had close working relations with The 
Council for Tobacco Research—USA. 

The Council is indebted to the British Empire Cancer Campaign for 
Research and to the British Heart Foundation, whose scientific advisory 
committees give advice to the Council on projects in their respective fields 
when requested. 

Oqjsc April 1965, Sir Philip Rogers, Cbe, was appointed Chairman of the 
Counpl^^i^uccession to Mr E. J. Partridge. Dr T. D. Day, it A, MD, 
fc p.^||^Director of the Council’s Laboratories at Harrogate, is retiring and 
will bj^uccsedcd on 1st hfarch, 1967, by DrF. Dickens, frs, MA, dsc, phd 
Die. |!>r^ay:wUl act as a consultant to the Council. 

Janua 
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General Survey, 




So many statistical associations have been adduced between smoking, 
particularly cicarecte smoking, and various diseases and conditions, chat the 
held or research open to the Tobacco Research Council is a very wide one and 
there are many possible approaches co particular problems. Finance has never 
been a limiting factor: bur iris essencial to select individual projects which are 
not only of the highest scientific quality in themselves but which as far as pos¬ 
sible complement each other to form a coherent and constructive programme. 



The Council ha! 
to provide as 
nature of cobacdgts 
For this reason 
years has been ipii 
biological testings 

The bio-assay up? 
roles of cigaret|ji8 
planned on thcj\v< 
>, torv cpitheliumfjf 
y dowg ^&fe fract|gg 

cvpesWrlst are|m 
rcl^^brorp 
The second 
series of studio- 
personal, environ 
smoking. Thesis 
heart disease and 


i^aMavs taken the view that its first responsibility must be 
cK'ielevant information as possible about the chemical 
;m<&e itself and about its possible effeers. 

&the largest part of its expenditure and effort in recent 

to the closely related helds of chemical research and 
bodfc of which are now mainly concentrated at Harrogate. 
Ipfrried out there is primarily concerned with the possible 
^^ing in lung cancer. Most of this work is accordingly 
grkipg hypothesis that cigarette smoke affects the respira- 
PUtt contact. Useful progress has been made in narrowing 
Igglji smoke condensate which are mainly responsible for 
measured by one scries of tests, on the skin of mice. Ocher 
% to g cess oc under development. Some of this work is also 


The second majgUne of research is concerned with people. It comprises a 
series of studi^s^Pwidely different kinds to provide information about 
personal, envirq^rapftal and other factors in the diseases associated with 
smoking. Thcs p j jfo t d ifc cover not onlv lung cancer but also bronchitis and 
heart disease apd, tff. a less extent, some ocher conditions. Information is 
beginning to erherge a|>out the characteristics of sufferers from these diseases 
which may ulti:p|^^xplain why only a minority of smokers and some non- 
smokers contract anyjone of them and may make it possible fot the most 
susceptible to IjKpfpsraned. ' 

There is a chj^aysw^ip of projects which is oa a smaller scale and directed 
at the motives for smo'king. The reason why people smoke is obscure and is 
likely to be the result of a complex interaction of psychological factors aad 
objeedve pharmacological effects. The Council is conducting research in both 
these Felds. 

The Council also makes a contribution to general medical research 
not specifically directed towards these various objectives. Finally, it publishes 
background imocmaxion, mainly statistical material on smoking and smoking 
habits, for the benefit of workers in this held. 
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I here are ac present about ia million cigarette smokers in this country and 
about one million adults take up or resume smoking each year. The Royal 
College of Physicians pointed out, in its report on Smoking and Health in 
1962, that “there can, of course, be no question of prohibiting a habit which 
most smokers enjoy without injury’' to their health. . . and two years 
later the US Surgeon General's Advisory Committee asked “What would 
satisfy the psychological needs of the 70 million Americans who smoked in 
1965 &ghey were suddenly deprived of tobacco ?” but did not offer an answer. 
It is ijaj«p$eUef that a very large number of people will continue to smoke 
that tpfTobacco Research Council is seeking to provide scientific information 
whicljpt^I'i^ncributc to a practical solution of the problems involved. 

BIO-ASSAY AND CHEMICAL RESEARCH 

TR CJEj&arijg fortes, Harrogate 

Biolc|s gte|gg &d chemical research at Harrogate are closely integrated in the 
development of animal tests as measures of the carcinogenic and irritant 
eficcr|g^^M>le smoke, smoke condensate and fractions of smoke condensate. 
The im mediate purpose is to identify any components of cigarette smoke that 
®may jl^ip&iftitativcly important contributors to these effects. 

| It |^^been realised from the experience of other research workers in this 
I field necessary to cover a substantial range of biological test systems 

usingmffefenc animals, different tissues and different methods of dosing to 
casu||pS!g@i|hc biological activity is measured under a variety of conditions 
and meb iwu sms. For this reason a number of biological test systems are 
beintggfpKiicc: and developed at Harrogate. These systems have been selected 
to c^SrEotfi smoke condensate and whole smoke and are summarised 



of tests can he described as long term with the possibility 
yveStmg significant changes, and perhaps ultimately the formation of 
the exposed tissue. The second group constitutes shore term 
^and mjy be of value in the assessment of the irritant efface of cigarette 



Hang term tests (z-jjfarr) 

1. Application of smoke condensate co mouse skin. 

a. Application of smoke condensate to rat lung and cat trachea. 

}. Inhalation of whole smoke by laboratory animals. 

Short term tests 

Action of whole smoke on cilia of rabbit trachea {in vitro). 

Ac present all these rests with the exception of mouse skin tests are stilt 
under development. 

The mouse skin test was selected for use at Harrogate tor seireral reasons. 
At the time chat the Harrogate oio-assav work was planned, the opinion of inde¬ 
pendent advisers was sought on experimental means to test quantitatively the 
carcir. ._*er.:c::y of cigarette smoke condensate. The Council was advised iliac 
pending the development of means co produce bronchial cancer in laboratory 
animats with cigarette smoke, any animal test in which smoke condensate 
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unambiguously pave rise to cancers was worth considering:. It was known 
chat dried cigarette smoke condensate that had undergone storage, when 
applied to mouse skin, could produce epithelial cancers similar in type to cite 
most; frequent type of bronchial cancer in man. In addition, there were 
good prospect? of making this test quantitatively reproducible as an aid to 
achieving eke rojcccives stated in me rrs: nacagraph of this section or tits 
report. 

The aim of :.:c first test was to determine, so far as experimental limita¬ 
tions allowed, whether the mouse skin carcinogenicity detected by earlier 
workers was an artifact of processing of smoke following collection or a 
; trivial remnant of a much more powerful effect possessed by fresher conden¬ 
sate. Three materials were examined, scored condensate, ;4 hour old conden¬ 
sate, and a neutral fraction derived from condensate. The experiment in¬ 
volved application of the three preparations to the skin of a specific strain 
of mice over the whole life span of the animals. The experiment was statis¬ 
tically planned an,d approximately 8,000 mice were used. Great attention was 
paid to animal ffa-s band ry. production of smoke condensate and neutral 
fraction and the <jkgjpi|yfcf the animals. Full histopathology and postmortem 
examinations \ve^ u carried out on each animal. The dara from the experiment 
Were subjected tc|O^JX^atisdcaI analysis. The results confirmed that cigarette 
^ smoke condensa^^^ipable of producing skin tumours in a proportion of 
mice of the particbTxr strain used in the experiment. The results also suggested 
firstly that the n^^^lfcile neutral components of cigarette smoke contri¬ 
buted substantiaib^^^^ mouse-skin carcinogenicity of the condensate; and 


secondly that tr.efcornpdunds responsible for this effect were sable and not 

« roduced as artii|^^^^3rocessing. The work is now being extended to the 
:udy of ocher to badh ^sypes and produces, including cigars. Further details 
are giv|min the of Research Projects and Experiments. 

TheN g ^ I bns :<3$ll$lecting tests based on the application of smoke conden¬ 
sate ^c^Kg^sc been summarised above. At the same time, it is 

recognised that jmesetests have certain limitations. The physical state and 
chemical compca|ipi^f smoke condensate differ from those of whole smoke. 
In particular, no ac|s&&u can be taken of the effects of the more volatile 
smoke consticuc^^wmch arc lost during the preparation of the condensate. 
A time interval fnusTe lapsc between the production and application of the 
condensate to mlmsTs’kki chat is much greater than the rime taken by smoke 
to pass from the lungs of a smoker. Mouse skin tissue diners 

substantially frofnnurnan lung tissue. Such differences make it difficult to 
assess the relevathese experiments may have to human lung cancer,- 
but they do not sy|j;||. rige value of the experiments in establishing, with con¬ 
siderable accurac^*fsli«Sn results upon which further research can be based. 

In addition to studying the effects of smoke condensate on mouse skin, the 
effects of applying smoke condensate to the lung tissue of albino rats are 
being examined, using the methods of Professor J. 'Vi’. S. Blacklock and 
Dc L. M. Shabad. 

To enable the examination of whole smoke to be undertaken, inhalation 
techniques using mice have been studied. These experiments involve the 
regular inhalation of relatively fresh whole smoke by batches of mice using 
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equipment based on a design developed by Dr D. W. Henderson, and subse¬ 
quently modified by Dr R. J. C. Harris of the Imperial Cancer Research 
Fund. Up to ten smoking sessions per week have been achieved without 
undue toxicity from nicotine. 

Short term tests to measure the ciliastatic effect of whole smoke are also 
being developed using the rabbit trachea. Part of the human respiratory tract 
is Un^d with cilia which beat so as to move bronchial mucus upwards to the 
rfect of cigarette smoke in arresting the action of the cilia in these 
ow more light on the action of smoke constituents which are 
ritancs. 

stry Laboratories at Harrogate play a major role in supplying 
nd fractions of condensate for this bio-assav. Smaller quandtics 
lied to independent scientists. This condensate is prepared under 
oiled condidons. 

istrv Laboratories are also engaged in research on methods to 
moke condensate with the object of demonstrating which 
sticueats of smoke contribute to the biological activity recorded 
. This work requires for its development, methods of analysis 
onsdtucncs of smoke, in particular the polycyclic hydrocarbons, 
c work in the preparation of standard analytical methods has 
ken with Member Companies. 

c, the condensates used for skin experiments are not less than 24 
ecause the chemical composition of this condensate may be very 
m very fresh condensate, a machine has been designed and con- 
the Council by the Bictelle Institute, Frankfurt. This machine 
£$x applications of condensate to the backs of mice within one 
•.e cigarette being smoked. 

jects Uj independent scientists 

has wholly oc partly iiaanccd or supplied material for certain 
>rk undertaken hy ocher scientists. 

’projects are described in some detail in the Summaries of Research 
Projects and Experiments. Certain of the projects arc related to work being 
carried out in the Harrogate Laboratories. 

A series of experiments, supervised by a committee consisting of scientists 
from the Council and of other scientists co-operating on an individual basis, 
is concerned with comparing the erfeers of two methods of curing (due 
curing and air curing) tobacco grown from the same type of seed. Mouse skin 
painting undertaken by Dc F. J. C. Roc is being used to assess the condensate 
from both lots of tobacco. Inhalation experiments are being carried out by 
Dr R. J. C. Harris and Dr G. Negroni using mice exposed to whole cigarette 
smoke, influenza virus and bcnz(a)pyrene. 

Professor L. Lamerton and Dr F. J. C. Roc have recently begun to study 
the sheet of inhalation of tobacco smoke on the pattern of cell prolifera¬ 
tion in the bronchial epithelium of small animals using radioactive 
techniques. 

Professor G. A. H. Buttle conducted a dirce-yctr investigation on the 
hypothesis chat nicotine has the indirect effect of releasing hydrocortisone, 
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which in turn reduced clic body’s defences against cancer; but the results did 
not support the hypothesis. 

■Agricultural enenneaL 

The Tobacco Advisor*.* Committee, which is concerned only with commercial 
policy, has s-'uuhi the .'.dvicc of the Council in relation to agricultural chemi¬ 
cals applied to growing tobacco. A suggested scheme, involving the bio¬ 
logical testing of condensates from cigarettes made from tobacco treated with 
particular chemicals, has been adopted by the TAC and was officially 
approved by the Tobacco Research Board' of Rhodesia in 1961. Several 
chemical manufacturers tested their products according to the scheme and 
two products had completed and passed the tests. 


PERSONAL. ENVIRONMENTAL AND OTHER FACTORS 
IN DISEASES ASSOCIATED WITH SMOKING 




The main purpb^ of cite research supported or commissioned by the Council 
in the field of environmental and other factors in diseases associated 

with smoking prabeen to obtain more information about the factors, includ¬ 
ing smoking, \^dch"1^|ay be cither causally or coincidentally associated with 
these diseases. LAs??ma ny of the studies supported have been statistical in 
nature, their r£f?min|o not by themselves enable deductions to be made 
directly about of the statistical associations between the diseases 

and the associatc^cactors. The results do, however, conccibuce valuable 
information into account with information from other sources 

when the natutfeofeefo-fe associations is being considered. 

In addition <o p|ov|ding more informadon about the extent of the associa¬ 


te n^p&^veen and diseases examined, the studies commissioned 

oc si^^^ted bvnljf Council have helped to throw further light on the charac- 
tc if liiiF the who develop each of ^e diseases concerned. Only a 

minority of smlyierraevelops any one of the diseases associated with smok¬ 
ing. On this s‘ iapB#ib r A. Smith wrote in the Annual Report of the Registrar 
Central for jVj.v&ndrgtij, that "Lung cancer, like many of the epidemic 
diseases of chejgggSem era, derives from environmental factors residing in 
individual bchfxWatiind is thus not susceptible to public control unless a 
consensus exis^rhartf.e environmental influence is undesirable. But wheccas 
it may be virtu al l v impo 5 sib le to legislate generally against a pleasurable habit 
carrying no g JlrPmh to a majority of the public it might be very much 
easier to advisd^^^tit smoking by individuals if those carrying a high risk 
could be identipedl Wfe are still a long way from identificadon of such indivi¬ 
duals in the ca^g$ 8 |gg$j|g cancer but in coronary heart disease this is already a 
peaedcal possibility”. It is hoped, however, that some of the research projects 
supported by the Council may have brought closer an accurate description 
of the characteristics of individuals who fall into the highest lung cancer 
risk groups. 

During the period under review the Council has financed, wholly oc patch*, 
twenty-five separate external projects concerned with various factors in 
diseases or cor.cidons which have been statistically associated with smoking. 
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The cardio-tcspiratoty disease research project of the Department of Medical 
Statistics and Epidemiology of the London School of Hygiene and Tropical 
Medicine is the largest in this field and the largest external research project 
supported by the Council. Thirteen other projects are concerned with luag 
cancer and/or bronchitis and are mainly epidemiological in character. Ten 
arc concerned with heart disease and arc supported by the Council for the 
most part oa the rccommendadon of the British Heart Foundation. The 
rcximnihg^^a^is concerned with the effects of smoking and other factors in 
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t disease research project 

:ecd co contribute up to 00,000 over the ten years from 
to the London School of Hygiene and Tropical Medicine, so . 
Department of Medical Statistics and Epidemiology at the 
panded in order to carry ouc a cardio-rcspiratory research 
oposed by Professor D. D. Reid. The main aim of the project was 
information abouc the personal and eavitoomental factors 
t&e«dbnset and development of the commoner chest and heart 
Jneof the objectives was to help doctors to identify padents unduly 
1 | to these diseases so that dmelv and appropriate advice could be 
£$gjji|bjece consists of a series of interlocking studies, each designed 
l a t e some aspects of the subject, and forms an integral part of che 
PFctcdio-respiratocy field of the Department of Medical Stadsdcs 
saBfrlogy, which is also supported by the Public Health Service of 


Thc acvcra l studies of the Department differ in scale, dutidonand technique 
and are designed not only to provide information on specific points but to 
contril &Sfflpaag sthc bcoad objectives. The most important so far has been the 
Britis h poedon of an internadonai study covering Britain, Norway and the 
Uni;ee^afipM%nd stemming from the observadon that among men in middle 
life th^ A^ aerican death rate from coronary heart disease is jo per cent 
grcatcrmanfii this country but from lung cancer and bronchius only half 
as high. Preliminary inquiries have been followed by a detailed comparison 
of the medical histories of Bridsh and Norwegian emigrants to America, 
of their relatives who remained at home and of a random simple of Briush 
residents. These have shown, for example, that che Norwegian-born Ameri¬ 
can surfers less from the diseases in question chan the British-born, whose 
chances of dying of chronic bronchius are reduced by emigration bur who 
apparently carries with him a high though somewhat reduced risk of lung 
cancer compared with those who remain in Britain. 

The suggestion that the seeds of respiratory disease are sown in childhood 
has prompted investigation among school-children in Shcrncid and rural 
Glamorgan, which is being followed by a much larger survey. 

As a means of distinguishing genetic from environmental factors, studies 
have been made of the medical histories nf identical and non-identical twins 
in Denmark and of families in this countrv. Past medical records of Post 
Office workers who have contracted lung cancer have been compared with 
those of men doin" the same job who have nor. and Royal Air Force records 
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ace being: studied with reference to coronary heart disease; routine sickness 
records in such organisations may provide an initial screen to indicate men 
most likely to contract these diseases. Radiographic and electrocardiographic 
records and measurements of lung function, blood pressure and blood sugar 
have been taken foe various groups of men, whose future medicai experience 
will be followed up. 

The crtects of smoking and other factors at times of special physical stress 
are being examined in studies of sufferers from heart infarction and others. 

Special techniques for the handling of tills great mass or data by computer 
and for its detailed statistical analysis arc being developed. 





Ljing cancer ana bronchitis 

A study of deaths from lung cancer and bronchitis in Northern Iceland in 
1960-i was carried out by Dr G. Dean and AGB Research Ltd. AGB 
Reseach Ltd earlier carried out a similar survey in areas of North Has: 
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1951-61. The results of both studies have been pub- 
tatisdeal associations between each disease and both 
idertce, but the strength of these associations varied. In 
mortality was marc strongly associated with smoking 
residence. In the areas of North East England covered 
us mortality was more closely associated with urban 
oking: in Northern Ireland, bronchitis mortality was 
y with these two factors. 

e two studies was used in a further study in which 
constructed in an attempt to define mare precisely the 
the different characteristics that can now be used to 
to their risk of dying from lung cancer or bronchitis. 
No. 7, mortality from lung cancer and bronchitis in 
d and Wales was examined in relation to smoke and 
titration, population density and social index. One 
an associadon between mortality from these causes 


iguted the country of birth and smoking habits 0: 
lung cancer in the Channel Islands from 195 a to 1961- 
e been published, showed chat mortality was higher in 
r islands, for reasons which are unexplained. During 
w Dr Dean also carried out a follow-up study which 
ork on lung cancer in rural South Africa, and a com¬ 
uses of death among locally-born South Africans, 
Africa and residents of the United Kingdom: the 
en published. 

The possible relationship between bronchitis and lung cancer is being 
studied by Dr E. H. Field and others, using indices of mucus gland hyper¬ 
trophy, in hospital padencs in the Gloucester area. 

Professor C. V, Harrison, Dr S. W. A- Kuper, and Dr P. Stradling of the 
Royal Postgraduate Medical School, London, are invesdgadng the possibility 
of detecting pre-malignant changes in the respiratory tract by means of exfolia - 
tivecytology techniques applied to sputum. Dr Lynne Reid and Dr E. E. Keal 
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Ot the Institute of Diseases of che Chest are measuring mucus production in 
bronchi tics and others, relating its neuraminic acid content to certain 
factors. 

Ocher investigations are described in the Summaries of Research Projects and 
E* pertinents. 


Cardiovascular disease 

search of an epidemiological nature in the field of cardiovascular 
part of the interlinked studies of the cardio-rcspiratocy disease 
project mentioned above. In addition the Council has supported 
!is at a fundamental research level, mainly on the recommendation 
Heart Foundation, into che causes of those forms of heart and 
|sc which have been associated with smoking. Only one of these 
IS is concerned specifically with the effects of smoking, and 
account of smoking among other factors. 

:ts are concerned with the development of atherosclerosis, a 
ie arteries which frequently underlies the process of coronary 
ib 4sis^ two axe concerned with peripheral vascular disease and another 
of the small blood vessels as exemplified by the redna of the eye. 
are in an early stage and are described in more detail in the Snm- 
f search Projects and Experiments. 

icil has contributed throughout the period under review to the 
Medical Research Council’s Cardiovascular Research Group 
P. Shillingford at the Royal Postgraduate Medical School, 
Group has studied the effect of smoking on blood flow in normal 
in patients with coronary heart disease or valvular disease. The 
early series of experiments indicated that cigarette smoking, 
Ith inhaling, could be harmful in cases of coronary thrombosis or 
of incompetence of the aortic or mitral valves. The effects of nicotine on 
pcripilpj^lood flow are being studied. 



BirtS-tvelgoT'hndperinatal mortality 
The Council has contributed to the cost of an analysis, not yet quite com¬ 
pleted, of data collected by the National Birthday Trust Fund during its 
investigation of birth data in March-May r 95 3 . This covers various factors, 
inducing smoking, that may be related to birth weights, still births and 
deaths of infants up to one month of age. 


* PSYCHOLOGICAL ASPECTS OF SMOKING 

“The benefits of smoking”, the Royal College of Physicians stated in their 
.report on Smoking and Health (196a), "appear to be psychological and social 
and are hard to espccss in quantitative terms.” On che other hand, accocdinc; 
to the report on Smoking and Health of the Advisory Committee of the 
li S Surueon General {1964), "the habitual use of tobacco is related primarily 
to psychological and social drives, reinforced and perpetuated by the pharma¬ 
cological actions of nicotine on the central nervous system, the'latter being 
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interpreted subject! v civ as stimulant oc tran^uillising dependent upon the 
individual response’’. 

The Council has supported research into both psychological and pharma¬ 
cological aspects of smoking. Any valid analysis of the motives for smoking 
nui>: be supported ov or at least be consistent with both the psychological 
and pharmac.ilogical evidence. 

The Council agreed in 1964 to participate in a study by Dr F. It. Emery 
of the Tavistock Institute of Human Relations, carried out in co-operation 
with Public Attitude surveys Ltd. involving 1,500 interviews. Preliminary 
results implied that the main motives for smoking were the needs to con¬ 
centrate, to onset boredom and to relieve tension, in chat order. 

Since 1961 Professor H. j, Evscnck of the Institute of Psychiatry has been 
conducting a scries of experiments on the behavioural effects of nicotine, as 
a follow-up to earlier studies on stimulant drugs. These experiments involved 
both rats and human beings and produced variable results. Professor Eysenck 
has suggested that nicotine may aid ''consolidation" during periods of rest 
in mental tasksNtt jHe j ense that associations become fixed and learning and 
memory are enh^^^^He also concluded that nicotine might have a stimu¬ 
lating effect tharwas a prime factor in the continuation of the smoking habit 
. once it had dev 

Pl^yt^COLOGtiCAL ASPECTS OF SMOKIXG 

The purpose oi yfaJ|gjQ |incii in carrying out and supporting pharmacological 
research is to t^ovidPsomc reliable information on those pharmacological 
effects of smoVis^p^t may throw some light on the reasons why people 
4 smoke. In pamgulJrTeas the aim of much of this research to see what experi- 
menc$Pi§ilts ca|NiP^i|luced to verify the widely held subjective impression 
of 5n$&Mg|5 chatJiSJSpking has both stimulating and tranquillising effects. There 
artKymay^rfable fejajuLodi for believing that nicotine is by far the most impor¬ 



tant consucuenfoFtobicco smoke from this poinc of view. Since the amounts 


of nicotine abs^lSi 
to the effects of af 
to improve knqgg?! 


smoking are relatively small, work is being directed 
amistering small doses of the alkaloid. A further aim is 
ife of the pathways by which the central and peripheral 


effects of small ^bses^dl nicotine ace mediated. 


Pharmacological tescarcaJtt TRC Laboratories, Harrogate 

Work began iJffeoh a small scale in 1965. On the recommendation of 
Professor J. K|^g$8g|work has included studies of the effects of nicotine 
on the central he r|pu§ system, of nicotine and of tobacco smoke on blood 
pressure and thjrliMMip of catecholamines, and of nicotine on blood glucose 
and free fatty acid levels. Effects of nicotine on the behaviour of rats and 
mice in a series of experiments involving the measurement of motor activity 
and operanc condidoning procedures have also been invesdgaced. First 
results support the view that one effect in the brain of the idministradon 
of small doses of nicotine is to release aeetychoiine which suggests a mec'nan- 
5 ism whereby smoking might well help in maintaining normal brain function. 
■The effects of small doses of nicotine on the behaviour at rats which have 
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beer, trained to work foe rewards are consistent with there being a pharma¬ 
cological basis toe the experience of smokers that smoking helps them to 
concentrate mote etfectively on a task that demands close attention over a 
period of time. 

The Pharmacological Laboratories have recently been expanded in order 
to develop further these promising lines of research. 


’ogicaf research by independent scientists 

lark and Dr S. K. Vanov of the Londoa School of Pharmacy 
ied some central and peripheral effects of nicotine and related 
Clark has suggested that che level of motorneuroae activity 
ne are liable co increase in a stressful situation. Nicotine 
g smoking may reduce motorneuroae activity by stimulating 
;ystem (the Renshaw ceil) in the spinal cord, or by an effect at 
possibly by acting on structures associated with the reticular 

clow of Edinburgh University is at present studying the rela- 
cv^een chemical structures and nicotine-like activity; Professor 
of Chelsea College of Science and Technology has started a 
icotine absorption and metabolism in man; and Dr R. E. Marlev of 
f Psychiatry, London, is investigating the effects of nicotine- 
i compounds on the central nervous system of chickens. 


ENERAL MEDICAL RESEARCH RELEVANT TO 
SMOKING AND HEALTH 
r cer 

mccibuted support for live years, on che personal recommenda- 
sor Sic Alexander Haddow of che Institute of Cancer Research, 
j.cricd out by Dr J. F. A. P. Miller into the functions of the 
irticularly into its contribution to natural resistance co rumours. 
I described his resides in a number of papers. 

The Council also supported research by Professor Sir Alexander Haddow 
himself inco the regression of chemically-induced tumours end into im- 
.mu no logical mechanisms in the rat. 



BACKGROUND INFORMATION RELATING TO SMOKING 

As par; of its work in making information available to scientific workers and 
others, the Council has published further reports in its series of R estarcu 
Papers in addition co those mentioned elsewhere. Tobacco Consumption in 
Varies:; CountrUs, covering ewenty-eighe countries, was published in 196;. 
Ci%ire::e SmohiirZ Characteristics in the UK, Smith Africa and Australia, also 
published in 1963. was the report of an inquiry into possible differences 
which might iuve invalidated the comparisons of lung cancer mortality 
made by Dc (Jr. Dean, but the dirierenccs were found to be minor. In 1960 a 
supplement was published to a rcpocc on The KcliahHin nf Statements about 
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Smoking Habits, published in x 9^ S. A second supplement to Tar Cm t tit mini 
cf Tobacco S/uoJzr ■was published in 1905, ar.d a third supplement ts belnir 
prepared, A fourth edition of Statistics of S making in tlv Uni till Kiiigtiow his 
been published. 


Rcf-ra.'sjs 


Rovnl College o: V 
ing Co. Led. 



Smith. A. (i yG-i;. 
U.S. Surgeon Gc: 
U.S. Govermer 




ysiciar.i. t nGi). Smoking and Heat!/.. London. Pitnum />icd:Cl! I’uh:: 
s Hep. Gen. Scot tout!. 19G5, is?. On. 

:rai*s Advisory Committee. (19045. Smoking and Hrs/.’b. Washington, 
I’rincing Office. • 
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Pure I. TOBACCO SMOKE: BIO-ASSAY 



Section i. TIvC Laboratories. Harrogate 

C 

The aims of the bio-assay work ac the TR.C laboratories ac Harrogate have 
v been outlined in the General Survey. 




I. 


Mouse skin tests for tumorigerudty 


When the bio-assay tests were started at the Council's laboratories it was 
known that dried and aged cigarette smoke condensate (commonly but 
erroneously calfsd 1 "car”) was capable of causing epithelial tumours in 
P^ This had led to the belief that the agents in cigarette 
for causing mouse skin tumours were stable noa-volatile 
nt had however been taken of the possibilities 
olatile cigarette smoke constituents might contribute 
use skin tumorigcnicity of smoke condensate, and 
d ageing processes involved in preparing and storing 
ht alter their tumorigenicicy either through the 
stable carcinogens or by the production of carcino- 


ccrtain strains o 
smoke responsi 
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(a) that mod 
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(b) that the d. 
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own with any degree of precision what proportion 
mdrigenicity of cigarette smoke condensate was due to 
he condensate and what proportion to the acidic or 
some workers had suggested might have important 

periment ac the Harrogate laboratories was to in vest¬ 
ing the best experimental techniques available a: the 
c to give the numerical results a precision hitherto 


iocigenicicy of condensate from a composite plain 
to be typical of UK manufacture, was tested using 
lokc condensate: 


Smoke condensate collected in a cold trap was 
ne and concentrated at 40 e C under reduced pressure 
without being taken to dryness. It was applied within 24 hours of 
smoking the cigarettes. 

( b ) Stored condensate. Smoke condensate solution was evaporated to dry¬ 
ness on a boiling water bach and stored ac —’9 e C for several weeks 
before being ce-dissolved in aqueous acetone for skin application. 

(c) Hettiral fraction. Acids and bases were removed from smoke condensate 
__ and the neutral residue dissolved in aqueous acetone for skin application. 

29 
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- i - ^otal ot" S,cco mice, used in groups of z,oco at quarterly intervals,-was 
employed to compare che skin tumorigeniciries of these three materials, 
2,c=o of the animals being divided between untreated controls and controls 
created with aqueous acetone alone. Special attention was paid to animal 
husbandry, firstly in order to enable che stock to be kept as disease-free as 
possible and secondly to minimise the introduction of systematic differences 
in che handling and treatment of the animals which might reduce che pre¬ 
cision fef : the results. The mice were females of a specific pathogen-free albino 
ras found to combine tolerance for nicotine with adequate 
application of cigarette smoke condensate. The skin tumour 
enz(a) pyrene and dibenz(a,h)anthraccne was used to check 
of successive deliveries of mice. 

ted with condensates were divided equally between > dose 
se ratio 1:2:4, equivalent to 2j mg, 50 mg, and 100 mg appli¬ 
ed condensate. Pilot tests had suggested that 100 mg was about 
se that could be adequately tolerated over a long period of 
aces were applied to each animal three times a week. Tumori- 
: was judged by the count ac regular intervals of the presence in 
of the skin of papilloma, muscle-infiltrating carcinoma and 
not infiltrating muscle as defined by strict histological criteria so 
o|ribl c independent of subjective judgement. The results of this 
ay, 1967) have confirmed that cigarette smoke condensate is 
during all three types of tumours in varying proportions of the 
rticular strain used and that there is a dose-response relarion- 
tive tumorigenicities of che three condensates were calculated 
r ways— 

gc-scandacdiscd rates for tumour-bearing animals after tiS 
treatment, and 

(sQ p From t he distribution over cime of che “cumorigcnic force”, denned 
umber of new tumour-bearing animals found in a shore period 
by the number of rumourless animals alive in che group at the 
the period. 



These procedures were adopted, rather than the proportion of tumour- 
hearir.g animals used by most other workers, because there were marked 
differences in life expectation between treatments. The second method also 
confirmed that the tumour response curves plotted against time fitted the 
same theoretical model for all three condensates and dose levels from which 
it was a reasonable n resumption char the condensates acted in broadly the 
same way on the test animal. This enabled a valid comparison of tumociceni- 
cicy to be made. Analysis showed char relative tumorigenicities calculated for 
each of the three tumour types by the two alternative procedures agreed 
with;n the confidence limits of the numerical results. The results suggested 
chat r.-an-voiactle neutral components account for something more chart 
per cer.t of the cumoriscntcity of aa-hour condensate and So pec cent of 
t.tat : stores, condensate as defined by the experimental procedures. It 
toil 1 )".'.'; mac the compounds responsible tor this crfcct ace stable after collcc- 
cmn several weeks and are noc affected bv moderate heat treatment and 
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chemical manipulation; it is unlikely that they ate produced as artifacts in the 
process of making stored condensate. The results suggest that 24-hour 

condensate is more tumorigcnic than stated condensate. While neither 
material contained what are usually teemed “volatile” smoke constituents 
there must be substances in acetone solutions of 24-hour condensate which 
ate ic?c or modified when evaporation is carried out to dryness; chemical 
analyses of these condensates are however not informative because ac this 
stage it is no: known to which of the large number of constituents attention 
should be directed. The study provides no evidence to decide whether any 
parr of the activity o: 24 : hout condensate is due to its processing or short 
storage. 

In practical terms an important feature of these results seems to be that 
they show that in relation to mouse skin there are stable non-volatiie neutral 
carcinogens in cigarette smoke condensate which are worth serious attention 
and which in particular merit investigation by detailed fractionation. 

Further experiments ace now* in hand in an attempt to discover if the mouse 
skin tu mo rig edacity of cigarette smoke condensate neutral fracdon is asso- 
j§;iilac class of compounds in this fraction. The first 
icsc'tests, which are not yet complete, are consistent with 
ricMnidty of cigarette smoke condensate neutral fracdon 
. aromatic hydrocarbons or their near relatives. 

I in progress in an attempt 

"rim e between smoke condensate collection and skin 
24 hours, which was the shortest interval attainable 
collection apoiratus available four years ago, to an 
:der of one minute, and 

ted for a concentration stage in preparing solutions of 
condensate for skin application and thereby to retain 
dons a greater proportion than has hitherto been possible 
tuents of moderate volatility, 

cowards the possible utilisation of the information 
experiment, tests arc also in hand at the Harrogate 
rimental cigarettes in which the yield of non-volatile 
^icen reduced and in which the ratio of the yield of non- 
<sate to the field of nicotine has been reduced. 


As a practi' 
obtained in the 
laboratories \v 
smoke condea 
volatile smoke 


dated with any 
indications fro 
much of the t 
being due to p 
Further wot 





2. Other cxpcximgntal techniques 

Exploratory wISwlbeen undertaken to investigate the effects on animals 
of cigarette sm^i^^^dcnsite applied by injection and intubation techniques 
and of inhaled smoke respectively. 

A procedure devised and used by Professor J. W. S. Blacklock (Blacklock, 
1961; Blacklock and Burgan, 1962) for applying cigarette smoke condensate 
to the rat lung is being developed. Intratracheal application of smoke con¬ 
densate to rats by a technique similar to that developed by Dr L. M. Shabad 
of Moscow (Shabad 1962) is also being used. 

To enable the effects of smoke in aerosol form, as distinct from condensed 
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smoke, co be examined, inhalation techniques ate being studied. Mice are 
exposed to cigarette smoke in an apparatus developed by Dr D. W. Henderson, 
and subsequently modified by Dr R. J, C. Harris ot the Imperial Cancer 
Research Fund. A standard puff of aj ml. cigarette smoke is diluted and 
expelled into a chamber so designed that twenty mice are exposed simul¬ 
taneously to the smoke. The chamber is tubular and each fresh puff of diluted 
smoke displaces the previous one. The first groups of mice were given three 
er week and, with a view to investigating whether it was possible 
tolerate higher dose levels, further groups were given five or ten 
er week. The experiments are still in progress, 
ke inhalation experiments provide the possibility of observing 
ch may lead to cancer. The aim in these experiments is to have the 
nditions as near to those of average human smoking as possible, 
e difficulties due to the relatively short life span of experimental 
the differences between the types of cells in the rodent and 
s. 

carcinogenicity using mice or rats normally last for the whole life 
animal and require two or three years, excluding the time required 
the results. The value of shorter term tests is therefore being 
In one test, cigarette smoke condensate as a whole or in frac- 
own carcinogens, are applied to mouse skin and the thickening 
rmal layer of the skin that occurs after a few days after the first 
sured. In another test, tissue culture techniques arc being used, 
hnique has yet been fully developed. 

of ciliascisis 

As pact otjche investigation of the effects of cigarette smoke on respiratory 
tiss]i^^^esc toe assessing the ciliastacic effect of cigarette smoke by using 
tabmtL|nehea is being carried out. The ciliascatic effect of cigarette smoke in 
chi^rc|^|! reduced if cither the particulate matter or certain vapour phase 
coiferifflda^s of the smoke are reduced. It is intended to examine the smoke 
from cigarettes with different types of filters. 
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Section 2. Bio-assay Projects by Independent Scientists 

1. Comparison of fluc-cuccd and dit-curcd tobaccos 

As repo reed in ;hc 196; Review of P.itf an A Current Actin 'the Council is 
tmnncintr a study of the r rope cries of smoke from cigacetce.s made from riuc- 
cured and bulk-fermented air-cured tobacco in order to compare the effects 
of ti;c two type* of curing. Tobacco plants were specially grown from the 
same seed under controlled conditions in Mexico, Pate of the resulting leaf 
§vas treated by flue-curing and pare bv air-curing and bulk fermentation, and 
igarettes were manufactured to standard specirications from each batch, 
omi of the cigarettes were smoked and condensate produced at TRC 
Laboratories at Harrogate. The quantities of certain constituents of the tobacco 
nd the smoke were estimated by the Research Departments of Member 
ompanies. 

experiments with condcnsares from these cigarettes 
end of 1965 under the direction of Dr F- J. C. Roc 
Research. The experiments have been completed 
led statistical analysis. 

tion experiments are being carried out by Dr R, J. 
roni of the Imperial Cancer Research Fund, using 
black mice, alone or in conjunction with influenza 
fen exposed to influenza virus alone or to benz(a)- 
influenza virus infection. Some tumours have been 
enc is still in progress and it is not possible to draw 


Mouse skin paii 
were started towal 
f the Institute o| 
ut the results aw 
In addition, pil 
L Harris and Drj 
cigarette smoke o n^C y 
irus. Mice have 
pyrene alone oc ft 
produced bur the-exDerir 




al conclusions.] 

ica.1 of carcinogenic activity 
Dic^^^Dr H. E. H. Jones, and Mr H. B. Way n forth, Court- 
nsucute of 3 pf»clrciHstry, Middlesex Hospital Medical School) 



A technique for a 
of rats has been 
the animals. Bv 



ring substances directly by Intubation into the lungs 
nvestigace the possible induedon of lung cancer in 
f this technique 40 **l of material was placed at the 
lower end of tr. e ft rich ea\ and from there it enteced the lungs as the animals’ 
breathed. By fludrescencK: microscopy it has been shown that benz(a)pyrene 
placed in the tcac^^^Sasscd into the lungs within a few hours, while none 
appeared to be r ^g utgitjircd into the mouth. Tetracycline was given in the 
drinking water intercurrenc respiratory infccdon. 

Tobacco smok^gm^isate was insdllcd once weekly and three times weekly 
incratrachcally uilrerTElfllcsthcdc into separate groups of rats for one year. A 
control group was anacstheuscd only. The lungs of these animals were 
examined histologically when they died or in survivors at the end of a further 
year. Inflammatory but no neoplasdc changes were observed. Administra¬ 
tion of the neutral fracdon of tobacco condensates in this way, even in very 
large total amounts (up to ija mg.), during the course of one year did noc 
,ve rise to lung tumours in rats during a further year. This negative result 
contrasts with positive findings in other types of tests. 
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Using the same technique, substances which had shown definite carcino¬ 
genic activity when injected subcutaneously into rats have been tested for 
rheir ability to induce tumours of the rat lung. Beta-propioketone, penicillic 
acid, aflatoxins B and G, benz(a)pyrene, and methylprotoancmonin in arachis 
oil have been supplied by incubation. Rats were examined when they died, 
and all surviving ioo weeks after the first ad minis cracion were killed. 

All rats given penicillic acid, methylprotoancmonin, benz(a)pyrene, or 
arachjj&^ail alone, survived for as long as 80 to too weeks without any 
mabgn||jp^finge being observed in the lungs or elsewhere. The result with 
benz(|fpyrene was considered surprising since each rat received z 3 mg. of 
this pgKcnc'^rcinogcn, but ic is in accord with the observations of other 
work teWho found that rat lung tissue was highly resistant to polycyclic 
aromag ^ S re e l nogcns. 

A haRjgcffliour was seen in a rat in the 7znd week after administrations of 
beta-prqc|||K£one were started. The tumour affected only one lobe of the 
lung described as a keratinising squamous carcinoma of the bron- 

chioIa^Dife^liuni. Ic was of special interest char this lactone produced a 
carcinOm^V whereas benz(a)pyrenc in the same dose was inert, 

rats given afia toxin by this route showed malignant growths of 
«ghe luq^gjL chough this potent carcinogen induced squamous carcinomata of 
jhe crdEhcl^well as tumours of the liver, pylorus and kidney, 

of experiments in rats and mice injected subcutaneously with 
substa^p^^ated to the lactones have been published (Dickens and Jones 

*965)- 


D i ck c nJones, H. E. H. (196}}. &r. J. Center, if, 392. 

Dickens, F., JoSei, H. E. H., and Wavnforih, H. 3 . (1966). Br. J. Ceittir, 20, TJ4. 


5. corticosteroids and tumours 

(P ro fe^sor|G. J\. H. Buttle, School of Pharmacy, London) 

Professor Buttle has examined several aspects of the problem of corticosteroid 
release by nicotine, the effects of corticosteroids on tumour growth, and the 
ability of transplanted tumours to establish their growth within the host 
animal. 

In studying the ecfccts of smoking by humans on hydrocortisone levels in 
blood. Professor Buttle found that in four individuals who smoked up to 
six cigarettes in quick succession, the diurnal variation of hydrocortisone 
levels obscured any possible criect due to smoking except in the case of one 
non-smoker. 

When high doses of nicotine were injected into rats it could be shown that 
there was an increase in the blood corticosterone level. The increase however 
was small when compared with chat brought about by adrenococcicoctopluc 
hormone. 

In experiments where human tumour material was inoculated into 
weanling rats, nicotine tartrate given twice daily for seven days from the 
time of tumour inoculation resulted in failure of the tumours to grow in 
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these animals. When a similar experiment was carried out in which the same 
doses of nicotine were reinforced with one unit of long-acting adrenocortico- 
tropnic hormone dailv :*oc seven days, .the turnouts also tailed to crow, 
Sinularly, one unit ot adrenocotcicotrophic hormone without nicotine d:d 
noc result ingrowth, but where ten units daily were administered, there was 
good growth c: me ; runs clan ted rumour. Ic was concluded chat nicotine 
alone did not stimulate the pituitary surricienciy to liberate the quantity ot 
aurcT.ocotticotroohic hormone eauivalent to cen units ot the long-acting 





preparation daily. Nor did it appear that nicocine pocenciated the action of a 
small dose ot adrenocorticotrophic hormone to any great extent. 

| When long-acting adrenocorticotrophic hormone was given to rats after 
?che implantation ot pellets of benz(a)pvcenc, turnouts did noc appear to 
develop in any ciflerent way from those in the control animals which did noc 
gceccive the hormone. There was perhaps some slighc indication of increased 
Itumour growth with large doses of adrenocorticotrophic hormone, but after 
gtwo weeks this hormone produced toxic effects, and these obscured the 
^interpretation of r^fe^esuks. 



'Rtfe reacts 
ijutde, G. A. H., Epe 
Suede, G. A. H., E?e 





4. Comp:irisor|PsWi 

(Professor R. D. 

R|o lessor Passey Yskeii tj 
^vholly Ipi^ftcigar pilillls 

^ Ac nese, attempt were 
fwhen applied to 
Yhe less irritating, 
professor Passe v 2 g&$sz <i 


, and Mcnzies, D. N. (1964)- Lanttt tz. 

, and Kovacs, E. (1962}. Nature, Load., tfj, 7S0. 


itjgar and dgaccccc smoke 

^istitute of Cancer Research, London) 

tije Council for a supply of cigarettes manufactured 
§§|> so that the effects on animals of smoke from cigar 
ated with those of smoke from cigatctccs made from 


made to observe the effects -of both types of smoke 
jt eye. While, in general, the cigar smoke appeared 
pot possible to detect any marked difference when 
both cvpcs ot smoke in similar manner to his own 



I When cats werercxpos’Sd in an enclosed cabinet to the two types of smoke, 
marked dincrence Sgema^l ed. The flue-cured tobacco smoke caused more 
deaths and mdccel^iTore^severe changes in the respiratory system (tanging 
from loss of cilia pneumonia) than the cigar tobacco smoke which 

^vas well tolerated an Jinduced nothing comparable in severity. The lungs of 
lats exposed to of cigar cobacco cigarettes for a prolonged period 

.were found at post mortem to differ only slightly from those of a control 
j^roup. Further experiments have shown that cigarettes made from hurley 
tobacco give results comparable to those made from cigar tobacco. 

| When the backs of mice were painted with condensate from the smoke of 
cigarettes made from flue-cured and cigar tobacco respectively, the latter 
^aj-e rise to papillomata in 5.0 per cent of the survivors in contrast to no 
Yurhaucs with the flue-cured condensates. 
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Proftssoc Passev has suggested that these resuics ate related to the high 
plan: sugar content of flue-cured tobacco in contrast to the low concent of 
the cigar and ourlcy tobaccos. 


Passey, R. D. (196}). Report to meeting of British Association for Cancer Research, 
D obi in. 


genesis in new-born mice 
University ot Leeds) 

erimcncs was undertaken in view of the report (O’Gara et a!., 
vps possible to shorten the time between, the administration ot a 
d the appearance of subsequent tumours by using new-born 
onsidered that this should be a more powerful cesc chan skin 
materials used were 9, to-dimethyl-t, z-benzamhracene, deni- 
ette smoke condensate, and the neutral fraction of cigarette 
densate. The results of the tests did not fulfil expectations. 


Load, 20 4, j9 2. 

Sf.J. Ceiutr. r</, J47. 

S' - ./. C*uttr, 23 , x4T. 

uilv, M. C.,ar.d Mancei. N. (xgfis). \d:>re. Lond., i?6, i iio. 



6, Sci 

(DcDi 
It has 


ion of hydroxylacion in liver 
se, Sc Mary's Hospital Medical School) 


iggested that the carcinogenicity of benz(a)pyrcnc might be 
due to its activation of a liver enzyme system which might be a potential 
producer of carcinogens from ingested foreign chemicals. A small scudy was 
therefore started to throw light upon this hypothesis, and a syseem was used 
in which the streets of pre-treatment oc animals with benztyOpyrene and 
phenobarbitone upon the in vivo hydeoxybeion of anisole and riuorobenzene 
were studied. 

Increased toxicity and potential carcinogenicity have been associated with 
the ortho-hycroxylation of aromacic compounds, especially amines. The 
enzyme systems responsible for the hvdroxylacion of aromatic compounds 
are located in the microsomal fraction of the liver and have been shown to be 
stimulated by ore-treatment with a variety of chemicals including chlori¬ 
nated h yd coca: bon pesticides, barbiturates and be nzl a) pyrene. 

The experiments showed, however, that pre-rtenement of animats with 
ben;:..: p;.rcr.e «»r nhenubarbitone before the administration of iluornbenzene 
or aruioic <J;c r.ut result In an exclusive increase in the metabolism to the 
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7. Respiratory eell proliferation 

(Protessor L. I.amcrton anti Dc F. J. C. Roc, Institute of Cancer Research, 
Sutton) 

The aim o: these experiments, which have been recently initiated, is to 
stuev the efface of inhalation of tobacco smoke on the pattern of the cell 
p to tiro ration in the bronchiai epithelium of small laboratory animals. By 
applying racio-active techniques to the study of cell population dynamics 
in the mammalian respiratory tract it is hoped that information will be 
obrained on cell proliferation parameters such as the mean cell generation 
time, the proportion of cells which are involved In division and the residence 
time of cells. It is known from, work already carried ouc char, under the stress 
of continuous irradiation, new steady states of cell population pattern can be 
set up in such tissues as gut and bone marrow. It is hoped to learn, among 
other results, whether a new steady state of cell proliferation is sec up under 
the effects of smoking or whether there is a progressive change in some or all 
of the parameters indicated above. 


8 . Asbestos 
(Dr F. J. C 
London) 

A number 
have been under, 
asbestos with 
taminating” o 
hydrocarbons 
$ub<|!@88@ieousl 
hex^ggggj&cract 

ammaffof all' 
no less chant 
with the suspen 



ur;^ cancer and mesothelioma 
*kn|l Dc J. S. Haringcon, Institute of Cancer Research, 

Iments, supported to a small extent by the Council, 
to compare the carcinogenicity of crude commercial 
Ipure fibres after the removal of "natural” and “con- 
_ ’ ding jute oil, which contain a number of polycyclic 
«jbenz(a)pyrene. Groups of rats and mice were injected 
_J§ijibrively with crude amosice, crude crocidolite, cycio- 
rnosite, cyclohcxane-cxtracted crocidolite, or crude chryso- 
injection site and mesotheliomas developed in some 
and the carcinogenic response to extracted fibres was 
cccsponding crude material. Control animals injected 
.edium, saline, developed no tumours of either type. 
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Parc II. TOBACCO SMOKE: CHEMICAL 
RESEARCH 





'ht mis try Department, TRC Laboratories } Harrogate 


smOffl 

|Harra 

l - AkS ' 

that ^ 
Iwhicl 


The frE^rt|sks of the Chemistry Department are to identify and, where 
apc:|p|®iS^ : tO estimate constituents of tobacco smoke relevant to smoking 
and h^j,th .problems and to assist the scientific staff of Member Companies 
in ci|C^Kthg practical means of eliminating or reducing any-constituents 
wbicp£8Bp||ppear hazardous to health. The Chemistry Department is also 
cesconsiblejoc the development and supervision of the mass production of 
smo'-^rart^nsace and of condensate tractions for biological testing at the 
Harraga lft^fo oracories and elsewhere. 

Asj^ p icatcd in the section in this report on bio-assay, it has been shown 
thac ^icr^arcjLnogcnic response of mouse skin to tobacco smoke condensate 
whic|^l$i$^een subjected to heat treatment and subsequent prolonged 
storage at iow temperature is about 60 per cent of the response to material 
patnctfslfmysaa hours after production. Research has therefore been directed 
ac the isa&& gon and identification. of the stable carcinogens. Some emphasis 
has on the aromatic polycyclic hydrocarbons and the aromatic 

hccerpo ydiq constituents of cobacco smoke condensate, since the few com¬ 
pounds knoyn to have a carcinogenic effect on mouse skin which have so 
far b|$gi§|$sfa:cd from 1 tobacco smoke have largely fallen into these cwo 
chemical groups. There is little doubt that the spectrum of smoke consti¬ 
tuent IFIspfrcg into these chemical groups, albeit in minute concentration 
indiv|djg||^j| i$ very wide and there is evidence of the presence of a wide 
range ot methylated polycyclic aromatic hydrocarbons, some of which ace 
known from animal tests to be more carcinogenic than the unmechylared 
compounds. The amounts of known skin carcinogens in cobacco smoke, 
however, have been regarded as insufficient to explain the level of carcino¬ 
genic enecc c: stored smoke condensate on the back of a mouse. 

The main line of chemical research has been to devise fractionation schemes 
for whole smoke condensate, firstly to concentrate the polycyclic aromatic 
hydrocarbon constituents into a single fraction, and secondly to scparace 
these compounds from ocher non-poiycyclic constituents in order to deter¬ 
mine whether the stable mouse carcinogens In smoke condensate arc members 
of the former croup. 

In eaeiy work on this problem, the ether-salable neutral constituents of 
-mo.: a were .■'■brained by extracting baste, acidic and phenolic materials by 
•.vasr.ir.2 ether solutions of condensate with aqueous acid and alkait. This 
neutral material, which accounted for about $j per cent of whoie smoke 
condensate, was further fractionated by adsorption chromatography on 


hctsr^&U^ 
pounds kno 

chcmicaler- 
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alumina columns into a hydrocarbon traction representing 4 per cent ox 
whole smoke condensate arid containing aliphatic hydrocarbons, other long- 
chain aliphatic compounds and the polycyclic aromatic hydrocarbons, and 
a non-hydrocarbon reaction which made up a a per cer.c of whole smoke 
condensate. 

i no result? of testing neutral traction indicated that a slightly lower 
response was obtained than with the scored smoke condensate. Because oc 
the nature o: :he tractionacion procedure, it was noc possible to recover all 
the extracted material and recombine all the various tractions and hence tc> 
test whether this lowering oc" response was due to mechanical losses, distri¬ 
bution of primary carcinogenic material inco other fractions oc the removal 
o: promoting agents. Further, since this particular method of fractionation' 
only cook inco consideration ether soluble material and the bases and acids 
were isolated as free compounds, little useful information would arise from 
testing chc fractions other than neutral fraction. 

In an attempt to overcome the difficulties presented by the procedures in 
the prepararionPbimeucral traction, alternative methods have been studied in 
which similar n§agpli£$could be obtained without the use of strong adds and 
alkalis and which would ensure as far as practicable the complete recover)* 
The latter requirement of the fractionation processes 
picture of chc carcinogenic response of whole smoke 
jtained. Tumour yields on mouse skin are possibly 
>y chc amounts of primary carcinogens, promoting 
or inhibitors presenc in the test material, but also by 
Skin surface shielded by the inactive constituents. For 
>t the results, therefore, not only should all fractions 
me also recombinations of the fracdons. 
lures have been studied for the separation of whole 
jinco fractions in which the polycyclic aromatic hydro- 
led into a single fraction. These studies have included 
Svater-insolubic constituents of smoke condensate, the 
utcrials between pairs of solvents—cyclohexane and 
jciohexane and dimethyl sulphoxide, iso-octane and 
jt formation of long chain aliphatic constituents with 
the adsorption of smoke materials by silica gel and 



of all smoke m 
is essential if a 
condensate is 
determined no 
agents, co-carc 
the proportion 
a fuller interpr 
I be tested jndir 
A^ Sm ibec o 
smol^^^nden 
co 

the water-sold 
distribution of 
aqueous metha 
poly glycols, cl: 
urea and thiau 
alumina. 

By combinir^^^j^r.ber of chcsc procedures in suitable sequence a frac¬ 
tionation schensenasbcen evolved which separates whole smoke condensate 
into seven fraeda^p^d which results in the substantial concentration of the 
polycyclic hyd|qc%bop constituents inco a single fraction representing o>8 
per cent by wp$piPo|: the original material. This fractionadon scheme is 
summarised in diagram i. 

These studies have involved the development of gas chromatographic 
techniques using an electron capture deteccot for the qualitative monitoring 
of the polycyclic constituents passing into different fractions. Quantitative 
assessment of the efHcieacy of the concentration of these compounds has 
^ been partially achieved by the tracing of a number of selected polycyclic 
' aromatic hydrocarbons labelled with radioactive carbon oc radioactive 
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o Digram i. Fractional inn scheme of cigarette smoke condensate. 
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hydrogen added to whole smoke condense cc. Some of these labelled 
compounds have been synthesised at the Harrogate laboratories. 

A smoking machine developed tor the Council bv the Battcllc Institute, 
t-rir.kturt. has been installed at the Harrogate laboratocies. This apparatus is 
designed to deliver the whole smoke condensate tram tout to eight cigarettes 
dissolved in the appropriate standard volume ot acetone tor application to 
me skin, oc mice within Go seconds ot’ the production Ot" the smoke. This 
m.acninc is r.c: yet fu-iy operational. Work will be carried out to determine 
the differences m chcmicai composition ot smoke condensate produced by 
tlxis apparatus and a number ot other devices designed to produce smoke 
condensate, ar.d smoke condensate stored for long periods after smoking. 

Analyses o: constituents of tobacco smoke arc carried out where required 
for speetde purposes. This involves noc only the routine monitoring of 
smoke condensate samples used for biological testing and roucinc analyses, 
but also the development of analytical methods foe specific smoke consti¬ 
tuents. The Research Departments of the Member Companies have accepted 
the main responsibility for the development of standard merhods of analysis 
for a number constituents. The scientists at the Harrogate labora¬ 

tories arc colli^fmind in this work. 




Section 2. Research by Independent Scientists 



Possible lacfoi 

Medfees$g 5 eh o ql$| 


in smoke condensate 

iartauld Institute of Biochemistry, Middlesex Hospital 


Fewlli^liig thep 3 l£§@ 3 ^ry char certain simple alpha-beta-unsaturated lactones 
were carcinog^ygdl^ckens and Jones, 1961), a search for such compounds 
in tobacco smas|~cortdensace was carried out. 

The concens^^^as seoarated into acidic, phenolic, basic and neutral 
fractions by ci^^nri^nal extraction techniques. Repeated chtomacography 
of the neutral fgafitio n on alumina and silicic acid and elution with n-hexane 
and benzene gave \ number of unsaturaced hydrocarbons: solenesene, 
farnesene ana |g^g^enes. With the exception of farncscne, all have been 
reported in the lijerqoire. Farncscne was found to the extent of xomg/tooo 
cigacetces smo^^^fack and Dickens, 1966). 

Chromatogi&g»#8jg£ rhe acidic fraction on silicic acid led to the isolation 
of levulinic acld()o mg/100 cigarettes), and since Icvulinic acid undergoes 
pyrolytic dehydration to a mixture of alpha- and beta-angelica lactones, the 
presence of such lactones in smoke condensate might be expected. By addi¬ 
tion of labelled lactones to condensate followed by a conventional separation 
into acidic, phenolic, basic and neutral fractions, it has been observed that a 
high proportion of the activity was retained by the aqueous phases. Conse¬ 
quently, a study was made of the water soluble fraction of smoke condensate. 


r-Si V 
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Examination of fractions by gas-liquid chromatography .and paper chromato¬ 
graphy showed the presence of two hydroxy or keto-acids not detected in the 
water-insoluble material. However, they were present to an exteot coo small 
to be isolated and identified. 

The presence of the hvdroxvcoumarins, scopoletin and escuietin, in 
tobacco smoke have been reported in the literature and this has been con¬ 
firmed. Comparative chromatography showed the major fluorescing com¬ 
ponent to be scopoletin, and a third component has been detected but not 
rv evidence suggests this is 7-hydroxycoumarin. 

: <the finding that many antibacterial compounds are inactivated 
Jickens and Cooke (1965) have studied recently the rate of inter- 
tine with carcinogenic lactones and related unsaturated com- 
ittempt to correlate structure with biological activity, and this 
luing (Black, 1966). 


Dickens, F. (1966), Curat, cr Iud., 197. 

66). /. Cktm. Sue., Sec C, x 123. 

Cooke, J. (1965). Br. J. Canctr, ty, 404. 
Jones, H. E. H. (1961). Br. J. Canctr, zf, ?j. 
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Pa« 3* PERSONAL, ENVIRONMENTAL AND I. 

OTHER FACTORS IN DISEASES ’ J 

ASSOCIATED WITH SMOKING | 





Section i. Cardio-Respiratory Disease Research Project 
(Professor D. O. Reic, Professor P. Amurnge, Dr _f. R. T. Colley, Dr M. 
Hills, Dr P. M. Lambert, Dr R. J. Prineas. Dr G. A. Rose. Mr B. C. Rowe, 
Dr G. S. Sorric, Dr K. St.tvraky and Dt J. A. C. Wcachecall, Department of 
Medical Statistics and Epidemiology, London School ot Hygiene and Tropical 
Medicine) 


As icpotted in Review of Past and Current Activities, the Council has 

agreed to contribute ua.ro 00,000 over the to years from rsc August 196} to 
the London Sclfoofe'OtlHygiene and Tropical Medicine, so as to enable the 
Department ofplSS^£|l Statistics and Epidemiology at the School to be 
expanded in ord^to,,$atry ouc a cardio-rcspiratoty disease research project 
proposed by Pr<«^^wT). D. Reid. This research project has four broad aims: 

1. to inve«:ijp!itttl.e various environmental factors, such as social, 
domestic t ralpi grospheric conditions, affecting the onset and evolution 
i of the cordmc|nct cardio-respiratory diseases; 

z. ^^^lenddf^^^>hysical and psychological characteristics, personal 
anc^H^se features of previous medical history which may indi- 

# pSIlj* s F c ^^^^|Lsp 03 ition to these diseases; 

5. to study the waysUn which general conditions such as air pollution may 
exaggecafi^^ ij i ^t cts of personal habits such as smoking in the produc¬ 
tion of carai&He|picacory diseases; 

4. to pin-poi ag^i arucal episodes where smoking may be especially hazard¬ 
ous, e.g. llTSaHy^stigc of coronary heat: disease. 

The ultimate, objectlfe of the project is thus the prevention or reduction 
of chest and he^iiiS^lses. This may require changes in the living conditions 
contributing to|KMyifc4ifcascs and identification by various clinical procedures 
of patients witnaro^al disposition to chest or heart disease so chat timely 
and appropriatc|^^^by physicians can be given on a personal basis. 

The aims of the project arc being pursued by a scries of interlocking 
investigations each, designed to answer a specific question but also to illumin¬ 
ate other aspects of the overall problem. These studies should reveal much 
about the relation of different disease conditions to different persoaal and 
environmental factors, and enable the value of these personal and environ¬ 
mental characteristics, as a basis for prediedng the later onset of cardio¬ 
respiratory disease, to be assessed. It is hoped also to improve curreac 
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methods of identifying susceptible individuals by the application of new 
clinical methods and modem statistical techniques so as to increase the pre¬ 
dictive power of the results of examination and interrogation, and to tese chc 
results by a prospective type of field trial. Dr Lambert is now engaged on a 
detailed analysis of the British data. He and Mr Rowe have developed new 
methods of using computers to check the internal consistency of replies ana 
of analysing results in large-scale surveys. 

As a result of the interlocking approach, the cacdio-respiracory disease 
rescajtet Lpto jcct financed by chc Council forms an integral and inseparable 
part ^ppa%pidenuological research work of the Department of Medical 
Statifeics and Epidemiology, which is also supported by the Public Health 
ServSgLfiO$e United States. 

’ external factors in chest and heart diseases 

>f a survey of chronic respiratory illness carried out in Berlin, 
jhire, were compared with those in the earlier survey of the 
lenetal Practitioners in the U.K. This comparison showed chat 
|y of the simpler form of the disease, with chronic cough and 
suction, was associated with cigarette smoking and that, once 
lies were taken into account, there was little difference between 
American town and the rural or urban areas of this country. On 
id, the severer form of chronic bronchitis with breathlessness 
chest illnesses was much commoner, especially among older 
urge cities of this country than elsewhere in the U.K. or in the 
\vn. 

jurvev compared the respitacory symptoms and lung function 
men between the ages of 40 and 60 doing the same job as van 
|e postal oc telephone sen-ices in Central London, in country 
ithern England and in New York, Baltimore and Washington, 
fications emerged that some element' in the Bridsh urban enviren- 
>ly air polludon, was responsible for the aggravadon of the 
^ajscciaced with smoking into the severe disease so commonly 
louncry. 

The clinical examination of these same occupational groups also covered 
cardiovascular disorders. Comparison of British and Americans showed that 
the ;i::er had more clcctrocardiogcaphic and symptomatic evidence of more 
severe coronary disease. In these population samples there was no very 
obvious association between smoking and the prevalence of heart disorder. 
The higher blood pressures found among the non-smokers could be attri¬ 
buted to their greater fatness. 

L -S.-ontish-Xonvegntn Migrant Study 

The Department of Medical Statistics and Epidemiology has been pacticiiMC- 
ing ■v;;n the National Heart and Cancer Institutes of the US Public Health 
Service and the Norwegian Oncer Registry tn a study of cacdio-rcspiratorv 
dheu-e in US A, UK and Norway. Ac the time of the tnao Census in the 
Lmteu states, a ij per cenc sample of British and Norwegian immigrants was 
tatter.. giving :hc names and addresses of some aco.coo US residents born in 
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Britain and about ;o,coo born in Norway. A questionnaire was sent to a 
representative sub-sample of these (aj,ooo British-born and 15.000 Nor¬ 
wegian-born;, asking information on various- subjects, including names ana 
addresses or* brothers or sisters resident in the UK and Norway. During the 
period t9O5-.1t the relatives ot all chose between the ages of >< and 71 ot 
British or Norwegian birth dying in USA were asked as many ot the same 
questions about the deceased person as thev could reasonably be expected 
to answer accurately. In addition, random samples were obtained or native- 
born men ar.d women over the age of 55 in USA (15,000 in the sample), 
Britain and Norway. 

The questionnaires completed by the samples showed chat cigarette smok¬ 
ing was again clearly reiaced to the frequency of persistent cough and phlegm 
production and to the mote serious form of bronchitis with breathlessness 
and repeated chest illness. The frequency of symptoms ot possible heart 
infarction was related to cigarette consumption, although to a much less 
degree than the respiratory disorders. In both sexes there was a detinue 
relation between angina of effort and cigarette smoking—a finding at vari¬ 



ance with results 

of respiratory 

place of origin 
migration to 
same risk of 
in USA. On t 
excessive dent: 
The proceci 



c but not ail other studies of this point. The frequency 
iac disturbances was relaced in differing ways to the 
USA; urban or rural) and, in migrants, to the age at 
s. British-born migrants to USA come to have the 
m chronic bronchitis and emphysema as those bom 
c hand, their British childhood is still reflected in an 


rom lung cancer. 

results to dace have been described in papers in A lotio- 
raoh 19 (£s‘:d^///iolozi(^s/ Study of (Saucer and Other Chronic Diseases') published 
bv the NadonrfF^rfinir Institute of US A. 



res 




Chil 

The 
se 

menc began a 
pilot survey oc 
600 children 
like number 
Q-radienc in th 
and of chronic 
class in She me 
had more acta 
Of special imp 
more likelv to 


is a] bronchitis. 

je ^ligrant Study and other surveys suggested thac some 
:splracorv disease were sown in youth. The Depart- 
" studies of respiratoev disorders in schoolchildren. A 
jper and lower respiratory tract conditions among over 
.exes aged xi vears in heavily polluted Sheffield and a 
ale of Glamorgan confirmed the marked social class 
^cnev of the severer form at chronic middle car disease 
sinusites. There was also a higher frequency within each social 
n Wales. The children in the smokier parts of Sheffield 
ironchicis and had poorer lung function performance, 
a hint that pneumonia and bronchitis in Sheffield were 
permanent lung damage than in rural Wales. 



Study of chest and heart diseases in families 

The incidence of respiratory disease in children may reflect the effects of 
personal susceptibility and familial origins whether these be the environment 
that families have in common oc inherited in the strict genetic sense. One ot 
the best wavs of disrin2uishing generic from environmental factors in disease 
is bv comparison of the illness experience of identical and non-identical 

45 
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cv.^s, nr.d i collaborative enquiry is being carried out with Dr B. Harvald 
or she University of Copenhagen who is responsible for the Danish Twin 
Registry. Preliminary results in twins of both types Indicated some excess in 
heart infarction among the heavy smoking members of the pairs; but the 
number of deaths was small and a further follow up is now in progress. 
Other types of family study are in hand in Bcitain. 

Lexi/ifarM sickness record in chest and heart disease patients 
Dr KJ|^gSraky compared the sickness histories of patients suffering from 
lungpnhcef over the whole of their working life in the Post Office with those 
of rrmi of^e same age without lung cancer but doing the same job, e.g. as 
pos;|ne^j^ the same place at the same time. This comparison showed chat 
lungf 5 ^^^ patients differed significantly in disease experience from the 
con'ij^, £g$ many years before the onset and diagnosis of the terminal con- 
didojjq.Re?- had an excess in bronchitis and ocher respir2cory diseases such 
as plWro^a, pleurisy and repeated attacks ot “influenza”. The lung cancer 
pard^afaad also an excess in peptic ulcer (perhaps because they were likely 
to be iilan- smoking group), other digestive illnesses, and in rheumatic and 
ijomcpMincs. The last was a new finding in relation to lung cancer and 
| its sigag-ficadcc is obscure. 

£ T||Ocudy, like an earlier one on the past medicil history of chronic 
*bror.frm¥i®l%’jggcsted chat such a use of available records is worth extending 
to ccksaf«g^heart disease. Dr R. J. Prineas has made a wide review of the 
litersrEyftJan the physical and psychological characteristics believed to be 
Fredic a gjli P ffi* this disorder, and is now analysing the very full clinical records 
of cases of coronary heart disease among tr.cn in the Royal Air 

Forc^'nrtd'nkp crop date controls in the same service. 

Da RpseJ tas produced some .evidence from the Post Orhcc studies mat 
the cpfStSfecuhr questionnaire used by the Department does predict, to a 
future hospitalisation and death from heacc disease. 

In Inefficqfocd study initiated by the Medical Officer of Health, Dr Sharp, 
In co^^^ion with members of the Department of Medicine ac Guy’s 
Hospital, the population was screened by the use of urine and blood tests to 
identity individuals with diabetes of varying degrees of severity. Dr Rose 
and others :r. the Department have been engaged in the carcio-rcspiratory 
survevs of these various diabetic "rouoings. The results showed char people 
with relative'.*.- mild abnormalities 0: sugar metabolism had more cardio¬ 
vascular iilr.es5 than those without them. Smoking was unrelated to cnese 
diabetic abnormalities. 

Another ceveloomenc in which the Department is closely involved is the 
trial of mass screening procedures by the Mass Miniature X-ray Lnit :n 
Glasgow. Through the help of the Western Regional Hospital Board o: 
Scotland, Dr V. Hawthorne of that Cnic has been able to collaborate with 
the Department in the extension of the more us uni aspects or X-ray sc recoin z 
to include the sci:-acm:nU«;:cd questionnaires and ciectrcc.srdiocc.ipiiic anti 
otucr unique; developed :>»r the G PO anti other survev*. The ami is 
adapt m-jsc mccdurcs to cone with the practical pcobiem nt screening large 
numbers of men in a short time. Dr Sortie and Dr Prineas have been working 
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ciosciy with Or Hawthorne on the development of radiological and electro¬ 
cardiographic methods of detecting the early stages of citdio-rcspinraty 
disorder. 






Other i 

There are yee: 
factors a: time 
Professor ?. 
the progress e 
Anticoacuiar.: 
j. A. cAVeaci 
that pulmorur 
steadily in adu 
be actributabl; 
ot" the Depart: 
and precise 
pregnancy a 
pregnancy t 
Dr Hills hav : 
statistical an 


improving tl 

on data obtai 

Ktftrtr.ee: 
Armitage, P., 
Acmitige, P., 
Arttutage, P,, 
Com^ R. T. 

c °fc# R -T. 

HiH*7yr^t966) 

Holland, WAV 
Keen, H-, Rose 
Career, 2 , jc 
Reid. D. D. (i 
Sympot turn, 
Reid, D. D. (u 


reasons for investigating the itinucncc of smoking and otv.cr 
? of soeci.ni physical stress. 

c:d Is making a special study of $ mo icing habits in relation to 
: patients admitted to the Medical Research Council Trial ot 
Theraoy roc paciencs sudecing from heart infarction. Dr 
■.ecal! surveyed the deaths and hospital scad sties which showed 
y embolism and other chcombo-embolic disorders were rising 
hes of both sexes. She concluded chat this rise was unlikely to 
i to changes in smoking habits. Dr Rose has, with members 
r.enc of Obstetrics at Sc Mary’s Hospital, been making regular 
'.easurecncnts of blood pressure during the whole course of 
ding current smoking habits and the outcome of che 
\v far they arc inter-related. Professor Armicage and 
developed for use in these studies sophisticated mediods of 
which should prove invaluable in colladng results and 
ney of prediction of premature disease or deaths based 
led bv^the clinical procedures. 


Reid, D. D., 
14 3 t . 

Reid, D. D., 
(1966). jSat 
Rose, G. A, (19 
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Section 2. L/t/ig Cancer and Bronchitis 


1. Lung cancer and bronchitis morality in. Northern Ireland 

'Dr G. Dean and \fr' A. J. Wicken) 

An epidemiological study of the lung cancer and bronchitis deaths of men 
and women aged 55 or more thac occurred during the years 1960-62. in 
^jethern Ireland was organised by Dr G. Dean, Mr A. J. Wicken of the 
Hg gpjjlSurv'cys Unit of AGB Research Ltd supervised the statistical and 
frcecviewmg work involved in the study. The cost of the enquiry was met 
ijjy thS^Councii. 

^IfEfi Jung cancer mortality rates of both men and women aged a or more 
ilvr^Srchern Ireland were substantially below chose in England and Wales. 

the bronchitis mortality race of men, but the bronchitis mortality 
aged j j or more was almost the same as thac in England and 
bronchitis was certified as a contributory cause of about 
c||ggp|tt$cs as many deaths as were directly caused by it. About one-third of 
quefeath certificates of men in central Belfast had the word '‘bronchitis” on 

agjjhe lung cancer mortality rate was found to be associated with smoking 
l|jyti||^rea of residence, social class, air pollution of occupation and morning 
cgraj^Thrce or more yeacs before death. The chronic bronchitis mortality 
r |l3S^&& EOlin d to be associated with area of residence, smoking habits and, 
toViess'extent, social class. Lung cancer mortality was more closely associ- 
etUjgfgPnch smoking habits than with the presence or absence of morning 
cprgft;Hir,c re closely with morning cough than with area of residence, and 
with area of residence than with social ciass. The bronchitis 
mortatkl ' rate was associated to an approximately equal extent with area ot 
tfP@l!rrc:e and smoking habits, and to a less extent with social class. Among 
n|||ljgggggi-smokers, the lung cancer and bronchitis mortality rates were both 
bfendjpca' three and four times higher in Belfast than in truly rural districts. 

cancer rate of male non-smokers in truly rural districts of isorchern 
Ireland was very low. 

The enquiry has been completed and reports on it by Dr Dean and by 
Mr \\ ickers have been published. 

R.yvr.wiY/ 

Dear.. G. (1;. : j.i. Br. mid ,. J., f, \ je6. 

VVi itker., A. j. *1966). Environmental and personal factors in iwne cancer nncl bronchitis 
mortality in Northern Ireland T00Q-t>2, TRC Rtstarih i’.fjrr No. »). 



2, Lung oncer and bronchitis morality in areas of Xorch- 
ILisc England 

: ’Mr ,\. J. '.\'irken and Dr $. F. Buck) 

Ac t.'.e inv;t.;::on of the 1 Ivnlch Committee of the Urban District Council of 
Es:on and with the cn-opcracion of the other Meaith Committees concerned. 
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an investigation was, undertaken into certain environmental rhetor* wnicit 
seemed likely to be associated with'lung cancer and bronchitis mortality in 
Eston, Stockton-on-Tees and the tour rural districts at Crot't. Northallerton. 
Richmond and Scokei'lcv, Yorkshire. Mr.\. 1 . VC’ickcn and Dr 5 . F. Buck or' 
the Wealth surveys L'r.i: of .\GB Roseatch Ltd organised the survey. t:;- 
w.*; obtain.-J about the age. smnkk’.u habits, occurac.nr.. previous 
respiratory ih.-.ess ar.-i -juoosurc co air poliu;:on ot" ali men and women apeu 
or more who had died from lung cancer or bronchitis curing the year? 
io< The level or'pollution in three sites in listen was measured each 
wee?: ie»r a period ot twelve months. 

The study showed that the lung cancer mortality cates ot’rr.en arid women 
were distinct!greater in Eston and Stockton-on-Tees chan they were in the 
tour rural districts. A: the end ot the period, the male lung cancer rate was 
well above the nation.:: average in Eston, eaual to it in Stockton and well 
below it in the tour rural districts. The bronchitis mortality races cor both 
men and women were distinctly greater in Eston chan in Stockton-on-Tees 
and greater In Stockton than in the rural districts. Ac the end ot the period, 
both male and |i&j$ifiPp:onchins mortality rates were well above the national 
average in Eston, slightly above it in Stockton-on-Tees and well below ic in 
the rural dis:r|Ecfe*>Siaciscicai associations were found between smoking, 
social class, a:4§gjg||gg|idence, air pollution at work and mortality from lung 
cancer and brdnchicisj An association between previous illness from bron¬ 
chitis and lur.p^iltaap* was also found. In the areas covered, lung cancer 
mortality upp^± more strongly associated with smoking habits chan 
with the level'Otairjpollucior., buc the ranking of these two factors was 
reversed for blSIlpills mortality. The-results of the enquiry were published 
# as TRC Keicstt/jjfaDjir No. 3 . 


. F. (1964). Report on 3 study of environmental factors associ- 
r.d bronchitis mortaliev in areas of North Ease England. TRC 


in invcscLscicins the risk of mortality from 

OO 

ronchiris 
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5. Models i 
lung cancer 



A large numce? ot e 
by the Counc 
is tics and exp 
than others of 




(Dr S. F. Buc^ a nd. A. J. YC’icken) 

iemioiogical investigations, including those supported 
own chat individuals with certain personal characcer- 
ertain environmental factors had a much greater risk 
om lung cancer or bronchids. In these circumstances, 
relatively small groups of people with relatively great risks of dying from 
lung cancer or bronchitis might make a major contribution to mortality from 
these diseases. It was considered that it such groups could be identified, ic 
might be possible to take measures to reduce their risk. As background 
information ic: any advance along these lines in preventive medicine, the 
Health Surveys Uni: c: AGB Research Lea was asked by the Council co 
construct models from the data accumulated in the epidemiological studies 
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ir. Northern Ireland and in areas of North Ease England tor use in invescigac- 
ir.g ;he risk of death from iung cancer or bronchitis. 

Discriminant analysis techniques were used in order to identify the factors 
which, both separately and when taken together, discriminated most enec- 
tirely between lung cancer or bronchitis subjects and their respective con¬ 
trols. The factors thus identified as being most closely associated with 
mortality from lung cancer or bronchitis were built into multiplying models. 
Thfee models consisted of (t) a basic mortality race foe men who did not 
havea% B®6& : the characteristics studied (i.e. they were men who did not smoke, 
didgts6c co'Ugh, lived in rural areas, etc) and (a) estimates of the effect which 
eacj^tacnw then had in multiplying the basic mortality rate. 

‘Hj^ces| :i:s will be published. 

c and sulphur dioxide in relation to lung cancer and 
s mortality 

uck and Mr D. A. Brown) 

investigation into mortality from lung cancer and bronchids in 
moke and sulphur dioxide concenccadon, population density and 
dex was carried out by Dr S. F. Buck and Mr D. A. Brown of AGB 
d. The investigation covered at9 districts in England and Wales 
cn^compacable data was available. Smoke and sulphur dioxide 
taken from the national survey of air pollution started in 1960 
Ttment of Scientific and Industrial Research with supplementary 
t'r.er areas. 

:s were published in TRC Research Paper No. 7. Differences in 
.■ rates from lung cancer between different districts of the same 
Hp^.-e type could not be accounted for by differences in smoke ana.or 
cue side concentrations in residential areas of these districts. The 
a mortality were, however, closely related to differences in 
.ensitv. Differences in mortality from bronchitis between different 
*.e same administrative type were associated with variations in the 
rntration of smoke and of sulphur dioxide in the residential areas of chese 

CCS. 

*.e dinerer.ccs in consumption per head of cigarettes between urban and 
areas were also examined. It had been stated that smoking may have 
d from town to country and chat the lower lur.g cancer mortality rate 
:ii districts may have redacted lower cigarette consumption in cite pasc. 

hvpochesis was correct, urban and cucal lung cancer mortality rates 
d be tending to converge. The investigation showed that this had not 
ened up :o 1961. 



sub are 
dine 



\\tjir. -::e 

V- ;r. 


i [irown. D. A. Mortality from June cancer and areneh-it:* in :e;a 

d dioxide concur.:.'acton, population density and svci.ii irides 

No. 
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5- Lung cancer in che Channel Islands 

(Dr G. Dean) 

l.unc cancer in the Channel Islands is high and Dr Dean carried ou: r.n 
nvss::eador. r: :hc -Ace or birth and smoking habits nt" ili men :r.d women 
“i'.C .'.ad from .ans career :r. eve Channel lslant!* dur:rv; :‘.'.c year? 
- >t and c:' a cor.:arm::?. Lnt'rjrm.uion was sough: about i'i death" 
'.co per ear.: res.-;rise was obtained. 

Over the period 5 1, L'K born men. who had become ceiider.c in the 
Channel Islands cid not have a significantly dire rent lung cancer morraUry 
race from LocaUv born men. Dunne the last tew vears, however, a trend oc’ 
earlier years had beer, reversed and rite iung canesc mortality rare ot Brins!’, 
immigrants now exceeded that ot locally born men. The dln'ecence between 
cigarette cor.sumotion ncr head or British immigrants and locally bom men 
in cite Channel Island> was not statistically significant. The lung cancer 
mortality rate tor ioca'iiv born men and British immiurants combined was 
signir.cancly Ifiigherjin Jersey than in Guernsey, Alderney and Sarlt. British 
born, men w&pim|ed in the Channel Islands smoked more cigarettes than 
men in England and Wales but did not have a significantly different iung 
cancer rate latter. The results ot" the study have been published. 


R eft r uict 
Dean, O. (:96 



WCz ij, 66 :. 


6 . Lung c\ 




n rural South Africa 


>outh 

studies had 
response 'na 
recommenda:; 
an improved 
dare. In this 



d ouc two studies ot lung cancer among white South 
196:) and a supplementary study oflung cancer among 
bom men living in rural areas (Dean, 1961). These 
need by the Council. As a relatively high race or non- 
fn^r.countered In these studies, the Council agreed with a 
Dr Dean chat a further effort should be made to obtain 
s rate in the rural areas and to being the results uo-cn- 
P: Dean received the assistance ot SAN LAM, a large 
South African life assurance comnanv, in tracing the relatives ot those wvo 
had died. Asp^$j$nt c: this further search, the response rate in rural areas 
was increase d ftoroA - per cent to St per cent. - 

Revised lufslnpnlcr mortality rates at each level of smoking for the period 
1947-60 wer^s^a^ted, on che basis of che larger numbers of deaths ob¬ 
tained, for white men aged 45-64 born in South Africa and resident in rural 
areas. The inclusion of the additional 5 j lung cancer decedents whose rela¬ 
tives had been craced made only slight dinerences to the lung cancer mortality 
cates which hid been calculated from the earlier figures. In pacucular, che 
relatively low lung car.cer mortality rate of white men aged 45-61 born in 
South Africa who smoked i-ao cigarettes per day (15 deaths pe: I 03 ,cc 2 
per annum) was almost the same as chat in che earlier enquiries (j; per 
io<2,cca). The very low lung cancer mortality race previously estimated 


5 ! 
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tor non-smokers in. this group (7 deaths pec xoo.cco per annum) was reduced 
to a race ot* s deachs pec ico.oco per annum- The results or' this follow-up 
study have been published (Dean, 196 $). 


R r: V ’•faces 

D«an. G. flr. med. J., Sjr. 

Dean, G. (196 !)• & r - 1S 90 * 

DeinfsQ. (tgfl*)- B<*. med. 2, tio. 
Dear., Br. tned. }., 2, tit. 



7. in relation to lung cancer 

(D: S^^bavey, Dc \V. E. H. Field, Dc L. Reid and Dr F. J. C. Roe, 
Gto• J^sjeaTa nd London) 

Thiafpr^ecl consists ot two pares. The object of the hrst part was to ascer- 
femiological and pathological methods, the status of the popula- 
jv certain hospitals in the Gloucestershire area with regard to 
irid pceclicilcal stages of chronic bronchicis. Pathological assess- 
^ronchitis status included the use of various measurements of mucus- 
^bggiaoacicy. The object of the second part was to compare the 
btor. fiutic s| atus of lung cancer patients and matched controls in order to 
thro\l§PPPPpn the relation between lung cancer and bronchitis and to test 
poj&jgtsis chat chronic bronchicis predisposes to lung cancer. A teoocc 
IrtTcsis of the material obtained up to June 1964 has seen published 


the 
on : 



degrsprTn addition, both indices were correlated with a history of chronic 
coug|li§pPi|mtum production. 

Thg^ci&atortioti of males with mucus gland hvperccophy was found to 
increlll^wTfii age, particularly in smokers. Pipe smokers and cx-cigaretce 
smokers had almost as high an incidence of mucus gland hypertropny as 
cigarette smokers. 

No association was found between residence (i.e. urban or rural) ana 
mucus tjland hvperccophy, buc it is likely chat extremes of lugn or low aic 
pollution ace not found in the Gloucestershire area. 

T.-.e hndincs in women didered markedly from tnosc in men in mat smoic¬ 
ing appeared "to have relatively little erfecc on the mucus gland. The only 
sigmr.canc dincccncc found in temales was between urban cicarecce smokers^ 
and rural cigarette smokers. This duiecence was signincacit only in the case ot 
one c: the two indices, and was in the direction of more hypertrophy in die 
uchart ;:oup. 

W- on titc second mice of the main pcoiecc is scill in progress. 

1 r: 

'.Y, ft. u.. IJ.iVcv, It. N.. U cut, f... a nd Sloe. I*. .1. C. Bronchial mucus RbcnJ 

hyrujsfophv: ;:s relation co symptom* and environment. Hr- ./• Dit- C'-ut. 4 >, W». 



t i 
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S. Scuciy ot respiratory diseases 

\Dc S. Cams. College of General Practitioners, London) 

During the winter or t062-65. Dr 5 . Came ot" the Research section ir ' 
Coiiccc ot" General Practitioners, in conjunction with the Medical Omects o: 
He.*..::’, ot ir.e Lon tie n Boroughs and the Department or icier. ;h:c and. (nuu*- 
;mi'. Rusearr.:. orcar.Lcd a survey ot the dicers or air pollution or. respirator;, 
illness in the population of London and Sherneld during the 26 weens trorn 
Oc:cher w.to Arril tooj. Each participating: general praennone: com¬ 
pleted a uah." record sheet foe each consultation, recording in particular 
whether a consultation was cor a respiratory disease. 

A further study was carried out during the win re r of [965-04 the 
Cour.cil mace a gran: to che College of General Praccicioners towards chc 
cost of ana:vsing the results of che survey. 

A Dceiin;r..'.:r ceporc of che findings from the fiese■ winter was oublisned 
in the Proceedings of the Royal Society of Medicine. A report incorporating 
some of rheHw§ult& from both winters was presented ac che International 
Clean Air C o&j llil|ce in London in September 1966. A hnal report is in 
preparation, r 



Refers nee 

Cacnc, S, (:96a Sse. A ltd., //. 62c. 




9. Smokirf! 
(Dr C. M. 
London) * 

in I 

airways resis| 
Fletcher and^ 
idenciAcacior. 
eccc and to | 
responsible :>! 
support forr: 
vapour phase 
that some inc 
tuents that 1 
persons. Botl 
the bronchia 



airways resistance 

snb Dr B. Clarke, Royal Postgraduate Medical School, 

,tis is chiefly due to increased airways resistance. McDer* 
»6j) showed that using the whole body plethysmograph 
\t a/., 1956) bronchid<Tsubjects had a greater Increase of 
k smoking one cigaretce than normal subjects. Dr C. M. 
tlarke are developing this work with a view to assisting 
tviduals sensitive in this way to the smoke of one cigar- 
|ring which fraction of the cigarette smoke is^ cr.ierty 
reaction. The Council has supplied in addition to nnancial 
standard cigarettes, niter cigarettes with reduced smoke 
I mb ridge nkers co eliminate smoke particulate phase so 

f mav be obcaincd of the broad groups of smoke consti- 
co produce increased airways resistance in sensitive 

f laee and vapour phase filters have been shown to reduce 
n to smoke. Further studies arc proceeding. 


R eferencei 
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tc. Exfoliative cytology of the respiratory tract 

(Professor C. V. Harrison, Dr S. W. A. Kupec and Dr P. Stradling, Royal 

Postgraduate Medical School, London) 

Tumour ceils have been shown to have reduced mutual adhesiveness, so it 
seemed reasonable to hope that exfoliative cytology would help paciencs by 
escabiishing the diagnosis earlier chan could be expected by more conven¬ 
tional methods of investigation. Over 1,500 sputum samples have been 
exartSn^dafid of these over 170 were found to have tumour cells. These 
posijaagpiflliples came from over 80 patients, in the majority of whom the 
diagnosis had not been definitely established, despite intensive investigation. 
RealpT&ast3I1 cc in the investigation of these patients has been achieved and 
|ced in a greatly increased demand for the use of the method. 
Iriiesc phases of malignancy one cannot hope to find exfoliaced 
Siv as in the later fungacing growths. Cellular abnormalities are 
less striking, and numbers to be small. Because of these con- 
]ic was considered essential to develop more sensitive cy to logical 
ind if possible quantitative ones. After much experimental trial 
|vo such techniques are now being developed, viz: 

eraction of sputum followed by centrifugation and preparation of 
e* sections was undertaken in the expectation that efficient lique- 
would allow the differencial centrifugation oc cellular elements 
turn, and as tumour ceils usually have a lower specific gravity 
n hormal ceils, it was hoped to concentrate the tumour cells in the 
Set 5:rata of the button of cells. It was imperative thac cells should 
damaged morphologically ncr in res peer of their staining char- 
The mucolytic method used is .1 combination of oxidising 
enJ and an ultrasonic disintegrator. The latter is able to shatter 
mpleteiy the scrands of mucoprocein, which do not then impede the 
curing centrifugation. The cell buttons thus liberated are 
pfocqsscd by conventional histological methods, and sections cue and 
A summary of this method was reported at the 9th Inter¬ 
national Cancer Congress (Tokyo). 

The presence of cancer is some rimes predicted from sputum examina¬ 
tion :r. patients with no localising X-ray shadow. In such patients the 
localisation of the tumour has till recently been virtually impossible, 
and i: became urgently necessary to devise a technique for sampiinu 
the separate lobar bronchi.- Such a method should also be able to rind 
cancer cells with greater sensitivity and therefore earlier than is 
nossibie with snutum derived from the whole chest. A method has 
only recently been developed, but it has already bven of value in 
estabtititinu diagnosis. 

is honed to use the two techniques described, cocetv.w: with ordinary 
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c ,l “iy pre-rr.aitgnant changes in the respiratory tract can be detecsee. 
i\tfira;cc 

Kvipcr. S. \\\ Scrsiilir.r. P.. Davis, J., and Shortridyc, D. (inf'/" - . Lr.-.vr.*. -ViSr. 






u. Neurr.r/'.inic aci d and bronchitis 

(Dr L. Reid and Dr i£. E. Kea:, Institute or* Diseases o: the Chest, 13 comp tor. 
Hospital, Lcr.con) 

The early stapes of chronic bronchitis are now denned as excessive produc- 
rion or mucus from the bronchial tree, which is known to be accompanied 
by hypertrophy of the bronchia! mucus glands, particularly ot acini con¬ 
taining acid mucopolysaccharide. The object of the present study was there¬ 
fore to investigate mucus production in chronic lung disease using a sialic 
acid found in the mucus, namely N-acecyl neuraminic acid, as a marker. 

Since uncogtaminatcd bronchial secretion is rarely available, it was neces¬ 
sary to use spUfi^ffnffid the contribudon of saliva to che total sialic acid, con¬ 
tent had to bc^issessed. The level in saliva was found to be about 15 per cent 
of that in beef^h^ Secretion when expressed as a percentage of dry weight, 
but since che of dev material obtained from saliva is small it contri¬ 

butes less thanj percent on a weight/volume estimation. 

Serial specllsllhipof SDutum from 48 patients over a period of 2 4 - years 
have been arasksad^for sialic acid concent and have shown a oatcern of 


seasonal variation. Tcus is not related co exacerbations of bronchitis or to che 



presence of organisms and further studies arc envisaged to investi¬ 

gate che,relation io K ^mosphecic poliudon. 

J^ffenuce vfflpsnsjf sialic acid have shown good correlation with a clinical 
assd®$$lent of^^cum viscosity. Ho reladonship has been demonstrated be- 
c W ; ^^§ utur: '*b^^^ t y and duradon of disease, age or occupadon of patient, 
volume of sp’ ftum o^ smoking habits. 

Sputum saaHMlfavc also been examined from padcncs with bronchoc- 
thea. with cvsci cjj^e osls- and from 25 patients about to undergo lung re- 
scccion at whijj$Pll ^In ~ of bronchus has been obtained foe hiscoc’r.crr.ical and 
tissue culture fru&es . These studies suggest that sialic acid may be linked co 
che fundimenfaTstc^ture of bronchiai mucus in at least two ways, che one 
suscepdblc cc|gi®$g$idc degradadon wich neuraminidase from che cholera 
vibrio and ob-f^rspuepng only with acid hydrolysis. A quandtative difference 
in spucum ha^SlpS^|hown and some correlation seen with the staining re¬ 
action of the aro.achial mucus glands in tissue section. 

References 
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12. Psychosomacic factors in relation to lung canccc 

(D: D. M. Kissen, Psychosomacic Research Unit, University Deparemenc of 

Psychological Medicine, Souchern General Hospital, Glasgow) 

The Psychosomacic Research Unit is concerned with psychosomatic aspects 
or cardio-respiratory disease. The main project has comprised studies of 
lung cancer in men. Since che establishment ot the Unit, its work has been 
extended co the psychophysiological field and co possible correlations of 
P e:sS 5ltai adreno-cortical function, with particular reference to che 
de'>^^^neht of lung cancer. 

A$.a r&uelc of clinical observations (made without knowledge of diagnoses) 
on |ari|Tic$admitted co the chest units of three hospitals in the Glasgow area, 
cargiStiiii since 1958, Dt Kissen. formed the hypothesis that lung cancer 
pad ears mgre frequently chan non-cancer patients had what he termed “poor 
outj^isWFemotional discharge”. This he defined as a facility for absorbing, 
ancl^Sliiraonsrious containment of, emotional con.nice without apparcnc 
cnegdycoverc or covert response. Dr Kissen found that lung cancer patients 
hacfl^ipilficandy lower average score for neucodcism chan controls on the 
sho&ggi|g&^f the Maudslcv Personality Inventory. This inventory was chosen 
bcca^^iicmeasutes two dimensions of personality, ncurocicism and excra- 
verpork relevant to problems being considered. Neuroticism, in the context 
of , is defined as che Individual's emotional lability, emotional over- 

res ararmv&ftcss and liability co neurotic breakdown, under stress. Dc Kissen 
prc^^^ncherefore chac lung cancec patients would have low ncurocicism 
scorejj^^kh would reflect low emotional lability, emotional under-respor.- 
siv^^iAv^c. and considered that such, findings would be consistent with his 
hypi^ac&iS; The other measure of the MPI, extraversion, had been reported 
as a feature of cigarette smokers. The association between iur.g cancer and a 
score for r.curoticism was found ac ail levels of cigarette smoking; 
andymaoms pipe smokers there was only a small exception in one group. The 
assd^^pSrfibev.vcen low neucodcism score and lung cancec was less, however, 
tha^ii$$$$ociation between heavy cigarette smoking and lung cancer. It was 
not related to the histological type of tumour developed by lung cancer patients. 
Lur.g cancer patients were also found to have a significant tendency co con¬ 
ceal emotional problems. They also gave a frequent past history of certain 
psychosomatic disorders. In these latter findings lung cancer patients showed 
a parallel with those non-enneer patients who presented with, or gave a 
history of, psychosomatic disorder. 

D: Kissen also found chat lung cancer patients had a significantly lower 
level of reoorting of certain childhood behaviour disorders than controls, 
and this had a strong statistical correlation with low ncurocicism scores, hie 
considered chac this finding provided further support for his initial hypothesis. 

There was not a significantly greater degree >'f extra version in lung cancer 
patients than in controls chough, there was a slight trend :n this direction. 

Dr Kissen has also rcnortec chac lung cancer patients \v:v > j-mt.-ted c: gnrettes 
but raid they tiici not inhale had lower average ncurocicism scores titan lung 
cancer patients who said chcv were inhalers, I le suggested chac the poorer che 
outlets for discharge of emotion, the less was the exposure to cigarette smoke 
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required to induce lur.e cancer. In addition, chose with poor emotionai outlets 
(in terms oc iow nverace ncucocictsrri scores) were estimated to have four and a 
halt times the lung cancer mortality of chose with pood emocionai outlets. 
Luncr cancer:?at:ents v.cre aiso estimated by birr, to cive a sicnih.canrly trequen: 
pa?: .y.stocv certain osvciiosomacic disorders in close relatives. inciutunj 
'Vive?, a reat arj vh:-:.: rkev have in common with non-cancer rsycnosomane 






Pv.-aenriy IT.- Khas published psvchosocial dndinn? :n relation 
to !-:r.a car. car :n me:: aged These concerned childhood where tr.e 

key factor appeared to be separation from parental unity (especially death or 
a parent or ur.happv home due to chronic friction between parents;, ana 
adult life where significant adverse events appeared to be relaced to work 
and interpersonal relationships, especially where these were of long dura¬ 
tion. Lung cancer croups with and without a history of adverse lire situations 
both showed similar low average ncucotkism scores. In contrast, non-cancer 
groups with .a historv of adverse life sicuacions showed signincancly higher 
neucoricism scehs ^s tha n those with no such history. These findings Dr Kissen 
considered cocy&pPifwith the hypothesis thac lung cancer patients have poor 
emotional outlets. He emphasised the importance of the interplay between 
life situation apd^oe^onality in determining the impact on the individual of 
these adverse ^^^^ations. 

The dincceiSSvsen the lung cancer patients and controls were found in 
studies in whigl&gplncs answered questions asked in interviews and wrote 
answers to tv 4 t||m| B|gs:ionnaires. The controls were usually agc-matched 
chest patients &acno|ed to have some disease other than lung cancer. Ac the 
conclusion oc ^^^^rview, patients were asked to complete the MPI. Dr 
Kissen has co asidjtcea the possibility that the differences between the answers 
to tllPPlfpi eipPPSfllung cancer patients and controls might have been due 
met suspecting chat they had lung cancer. He has reiectcd 
o reasons. Firstly in no case was any diagnosis known 
ienosis of cancer been given to any patient by the time 
the evidence suggested to him thac suspicion of a 
25 more likely to result in raised chan lowered N scores, 
ffcfcuiion from his daiiv experience with patients and :rom 
v c: some lung ca.nccc patients who had aiready undergone 
deep X-ray chlrapyo^ lung resection arid who were found to have markedly 
higher N senftM^a suaJ ra:ienrs with no surgical procedure. Most of tr.e group 
who had undcigonesurgical or radium treatments musr have suspected :rom 
the nature of dp£pgi$|i5ures chat they had cancer. Since all the studies repotted 
■were rccrospcGthyJLDr Kissen does not exclude the possibility thac che disease 
process itself iPS^rrSl'e influenced findings. His research has therefore been 
designed with a view ro the possibility of prospective studies. 

Dr Kissen is aware that the early measures of personality used by him lack 
sufHcienc precision and stability to discriminate cancer-prone individuals 
although chev are reasonablv successful in discriminating cancer ana non- 
cancer groups, ar.dnc has drawn acccntion to rhe inconsistency of neuroccism 
scores with variable environmental conditions (using the shore form c* che 
MPI). Dr Kissen hopes char other measures presently being pursued may 
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provide bcttec delineators of personal icy. He has emphasised the potential 
value, in ris opinion, of the psychosomatic approach in che prevention of 
occurrence and recurrence of cancer. 
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Cardiovascular disease 

ology and pathogenesis of atherosclerotic plaques 

oif ana Dr K. Carstairs, Sc George’s Hospital Medical School, 

:::on of Coons rluoccscenr antibody technique to a study of the 
distH'^ewtwi of lipooroteins wit loin the arterial intima shov.-s that beca ii- 
pop gotglrsf nre present in a variety of patterns of localisation in atheroscler¬ 
osis p^rre^resulcs appear to support the hypothesis mac, in uncomplicated 
A lipoprotein is derived from circulating plasma as a result of a 



process (Woolf and Pilkingcon, ig6j). 

_ Ithis scudv lipoproteins were observed in small mural thrombi 
occurring in relation to atherosciecotic plaques.. This observation was 
followed up by a systematic immunohistochemical study of thrombi ot 
vneyine ages and occurring in dinecenc situations within the vascular system. 
Liocoroccin has been identified in most of che thrombi studied and if intensicy 
of fluorescence has anv quantitative implicacions, mural thrombi appear to 
contain more lipoprotein chan occlusive thrombi. Artificial thrombi pre¬ 
pared from platelet-rich plasma also contain lipoprotein, so ic is likely chat 
che iioopcotein is incorporated within che thrombus structure ac che time ot 
platelet ascre^acion and fibrin dcoosicion. These results have interesting 
implications in so the as chev suggest a means whereby mural thrombi may 
contribute to placiue iioid concent (Woolf, Pi Iking ton and Cicscairs. 1966). 

Another an plication of the immunohistochemical techniques to vascular 
tissue has beer, x scudv of the characteristic "lomcrulac lesions in the kidnevs 
• <f diabetic subjects. Fibrin and lipoprotein have been demonstrated in these 
lesions chough attempts to visualise other plasma proteins have failed. The 
ccsuits su-»cesc that there may he a selective hold up of plasma proteins 
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lilccnnc through the glomerulus wall in a manner analogous to what the 
authors have suggested occurs in the process of early plaque formation 
(Davies, \\ ooi: and Carstairs, 1966). . 

Ti-.e authors suggest that by tmmunolugic.nl means it mm he be possible to 
oeternune me relative contributions of mural thrombosis and L mil; ration c: 
pi.ns1 spies and proteins in plaque growth. During the oast veer tins wo:.-: 
uas continueo using sera prepared against human r.brsnogen and human 
platelets. Tuts studv has now bcun comoletcd. The results so far a nap's eel 
suggest that may be possible to differentiate on the oasis of varying dis¬ 
tribution patterns of duorcsccnc material between plaques in which a tr.rom- 
bocic element is present, and chose where plasma proteins have gained access 
to the vessel wall by 1 process of inhit radon. 

The cechruc.ue of thin-layer chromatography is being applied co trozen 
sections of intact artery blocks. .This method allows the characterisation ot 
che Lipid content of individual lesions at all levels within the wails, and studies 
are proceeding on che lipid and protein changes in various types of atheros¬ 
clerotic lesLafs&^and also in macroscopically normal portions of the vascular 
tree which %gg|flll§h-risk areas” for the development of atherosclerosis 
(Liadsky andpwoolf, in the press). 

The immu^his?$chcmical work carried out in all types of ache co sclerotic 
lesions up suggests that there may be a selective ‘’hold-up" of 

the larger rrrorellms—fibrinogen and beta lipoproteins. Anti-sera against 
human album&gyLgp human 7S gamma globulin have been prepared and 
studies are edad^ng to see whether these proteins can also be visualised in 
athecosderotfPItrm:. Absence of albumin and gamma globulin would sup¬ 
port the hyc&^jjggg^ha: only pact of che infiltrating stream of plasma is held 
up within the atpcial wall. 

^^^^studyp^Smnuing. 


Woolf. X. and fuxtngtop, T. R. £. (tqGj)* J. Path. Zee:., 90, 459. 

Woolf, X"., Pdk | j gjg|gggggg . R- E.. and Cantair*. K, C. (tgGCj). Ilf id., JS3. 

Davies, M. 1 ., arid Carstairs, K. C. (1967). laid. (In the press'. 

Liacsky, C. ar -qJ&Sji&$‘ X.. (’.967) (In the press). 

1. Dictn.ry5^!H^ in the formation of atherosclerotic plaques 
and-thromj^gp the effects of nicotine on fat metabolism 
(Professor T , Crawfo rd. Sc George’s Hospital Medical School, London) 

Since 1946, nuTsTaccention has been focused on the role of thrombosis as 
an importan^^^^ in the development of atherosclerosis, and it seems 
likely that mural thrombosis contributes significantly to the growth of 
atherosclerotic plaques, especially in che coronary circulation. Similarly, 
careful inspection of :he inner lining of a large artery such as che aorta 
reveals the presence c: small thrombi on parts of the wall unaffected by 
atherosclerosis. Ic is not yet clear, however, what the signshcance cf these 
fine encrustations is and whether they form a nidus foe the development of 
future atherosclerotic lesions. 
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Many studies have been undertaken to And an answer to this question 
and most have been based on the injeccion or* blood clots or an artificial 
thrombus into the pulmonacy circulation ot‘ experimental animals. These 
circulating masses become impacted in branches of the pulmonary arteries and 
later form eccentric thickenings on the vessel wall, which clearly show that, 
in certain circumstances, thrombus material may be converted to lesions 
resembling to a degree athetosciecotic plaques. The extrapolation of these 
results to human disease can, however, be misleading since occlusion of the 
arteciedsgyjels at some stage leads to a different reaccion from chat elicited 
by n&gpirTrlrombi. Further, the dynamics of blood flow in the pulmonary 
circuffacionjiirfer markedly from those in systemic arteries such as the aorta 
or cipre^anis, and the rabbit, which has been the most frequently used 
anicr^^^^^tse experiments, does not spontaneously develop atherosclerosis 
and has a natural dietary regimen which renders alterations in its blood Lipid 
leveijranKuc to effccc without unphysiological manoeuvres. 

T|j |gjpffl| hcl[ is supporting Professoc Crawford and his colleagues in a 
scud<‘ involving the production of mural thrombi in the abdominal aorta of 
following the nacucal history ot this lesion toe up to two years. 
|been chosen because ic is omnivorous and has serum lipid levels 
serene from those found in humans. It also is an animal which 
|ousjy develops atherosclerosis with advancing age and the lesions 
r.ble those found in man. It has the added advantage chat the 
:a:cecn can be manipulated by dietary variations, which ace com- 
those found in different human populations, 
tucy undertaken to explore different surgical methods of pro- 
|i thrombi has shown that aorta to my followed by gentle trauma 
to Intirr. a under direct vision produces the most consistent results. Thus 
me:mod hosVaeen adopted for the main study and lias produced thrombi in 
c: the animais sacrificed three days after operation, 
d to discover whether alterations in the serum lipid levels cause 
\c incidence, size, or in the nacucal history of mural thrombi, 
rcicular interest in view of the correlation of elevated serum lipid 
with coronary thrombosis. In addition the effects of substituting 
a low-fat die: for a high-fat diet on the blood lipids themselves ace we:l 
known. There is. however, little or no knowledge of the effects of such dietary 
manipulations on thrombi and a demonstration that low-fat diets or a high 
intake of unsaturated fatev acids reduces the incidence and extent of mural 
thrombosis or hastens the re cress ion of the lesions would obviously be o: 
grea; importance. 

hr. interesting bv-producc of the main study has been chc discovery of an 
unusual reaction to the depolarizing muscle relaxant suxamethonium 
chloride which appears to be genetically determined (Hall e: at., 1900'. 

Further heretical and nharrr-acn logical studies arc being under taken. 
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?■ I-iptds in arterial dison.se 

(Pfoiwsor R. Mahier. Department of Ciinical Chemises v. Welsh National 
School ot Medicine. Card:it: Dr 1 ’. Csorba and Dr M. Root. Guv's Hospital 
Mcuic.il School, l.cmaoni 





■” c^'*’ , nary .v_\::: u:. ; .v.<c ti’.ere .’.rc r.icrv deposits »n she \v.iiss ‘V cnrcr.arr 
•it:cr:es wh b- into che iamcr. rtr* the artcrv, d:f turbine the r.O'.v or 
binou tiirourh. i: ir.z making it more liable to be completely blocked by a 
tt-.rom.ous. The scud". which is being supported by a grant from the Council, 
has as its objective :r.e dennicion of che factors involved in the accumulation 
ot Uy-ids in :.*.e arterial wall. It is being approached from two directions. 
Firstly, a study of the factors which determine che synthesis and deposition 
of lip ids, ar.d second iy, a study of the factors which control the breakdown 
and rernovai r: iipids from the arterial wall. These two processes balance one 
another in a normal artery, but if synthesis and deposition of fat become coo 
rapid, or it the breakdown and removal of fat become too slow, it begins to 
accumulate i^%lac wall of the artery. 

With rcga^drf|pliife synthesis and deposition of fat in the artery, it has been 
shown, mac efrcre is a correlation between the level of triglyceride fat in the 
blood and thjP'dcgrjfc of arterial damage, and that the triglycerides from the 
i::s«al wall and be deposited in its inner layers. Thece- 
\zr. lead to increased blood triglyceride levels, such as a 
or fructose in che diet, may precipitate damage to the 
if triglycerides and fatty acids are also raised when there 
b of fat from adipose tissues, as occurs in badly con- 
stimulated by adrenaline and ocher hormones, 
wtjh che removal and breakdown of fat in the artery, the 
|ilid bv a fat-splitting enzyme which Professor Mahler 
present in the cells of the inner coats of the arterial wall, 
h.d in the arteries of several animal species, the activity 
offtuTZnzynfftrfflusRced by sex and age. The fat-splitting enzyme is most 
active in woip^^^Kore che menopause, it is less active in. men of the same 
age and is veryTow :r. che arteries of old men and women. This observation 
agree? well vu^WTvel incidence of arterial disease in the population and sug¬ 
gests that thffuooTvIic enzyme plays an important role in che control ot fat 
accurr.ulaciot 

Ait been made of the effect of nicotine and related com- 
fivity of che lipolytic enzyme in the artery and in adipose 
ir.ccacions, nicotine and some of its analogues ace potent 
irc^rial enzyme, but have no effect on the enzyme in adipose 
ies, like cotixune, have no effect on either enzyme. At 
low concentration, however, some of the analogues, although not nicotine 
icselt, have a slight stimulatory action on the arterial enzyme only. Nicotinic 
acid, which is a well-known inhibitor of che fat-soliccing enzyme in adipose 
tissue, also inhibits the arterial enzyme at high concentrations; but at lower 
concentration, when i: has no effect on the adipose tissue enzyme, it signifi¬ 
cantly stimulates the fat-splitting enzyme in the artery. 

These studies have led to a search for ocher compounds which could 
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increase the activity of the fat-splitting enzyme in the artery, without stimulat¬ 
ing the enzyme in adipose dssue, and so avoiding, the rise in tatty acids and 
tcigiycerides in the blood which would follow the mobilisation of fat from 
adicose tissue stores. 


4. Metabolism, of lipids in normal and atherosclerotic arteries 
of aon-human primates 

(Mr. Dp ffi 5 ^ 3 owvcr. Department of Pathology, University of Cambridge) 

Atherosclerotic lesions may be induced in experimental animals bv feeding 
diccfTi$h.il| fat. Foe example, this has been achic%*ed in baboons given a diet 
cor.ljplgig^egg yolk and butter and the lesions obtained arc histologically 
sirniiartonb rous human lesions. Ic has also been shown that the changes in 
lipic^^^^asition produced in the arteries of these animals are similar to 
char^^^^md in atherosclerotic human arteries. Studies involving such a 
sysclmacepeing supported by the Council and should lead to more kr.ow- 
ledgpllip^ extents taking place during the metabolism of lipids in normal 
and axil&ajjciccocic tissue. Further objects of this work ace to elucidate the 
ro!c^yr^¥§ioral factors such as glucose and hormone levels in the mcchan- 
isms^fe synthesis and deposition of arterial lipids in atherosclerosis. The 
tesu|&feg|&^h it is hoped to obtain should ultimately be of value in increasing 
understanding of the biochemical abnormalities in atherosclerosis and coron- 


5. FxCTtfbbLic defects in the arterial .wall in relation to coron¬ 
ary re oral ischaemic disease 

(Pcd^&ftfeC- W. M. Adams, Guy’s Hospital Medical School, London) 

Pco lcssafesA dams and his coiieagues arc receiving support from the Council 
in s fuajpsiSo nee rned with the metabolic processes for disposing of lipids in 
the One of the hypotheses in which these workers arc interested 

is that an increase of the accecial phospholipid level may stabilize the suspen¬ 
sion of cholesterol in the vessel and thus prevent its deposition in the arterial 
wall. 

Another aspect of thus research involves the possible protective action e: 
the lirolvtic er.zvmes of the artcciai wail. Thus, previous his toe he micas and 
biochemical studies indicated chat there is little cri^Ivccride accumulation in 
a there sclerosis. However, further studies have shown that there is a sugi’.c 
increase in criglyceride levels with aecinc, which is matched by a correspond¬ 
ing decline in lipolytic activity. Ac present sex dirference in aortic lipolytic 
activ:;v is be:ns investigated. 

Other er.zvmes involving the esterification and cransacviacion of cho'es- 
terci :r. arterial tissue have been examined and a cholesterol trznsacviasc has 
beer, ir.dentried in tr.c arrta. Tins enzyme uses u mate rated phospholipid* 
is a :a;cv ,sc:c: donor. [: :> particularly relevant to this observation chat 
polyunsaturated photniiukrids cause much faster resolution ot ch.olescctol 
implants than does saturated phospholipid. 
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Studies inviliving the use of electron microscopy hove been carried out on 
'"i C ^ 1C introcellui.ir localization of lipid deposits and of lipid synches is in the 

arteri.il wall. 






6. Biood co.’CuL'.bilitv a lie! p Let-due adhesiveness in relation to 
atheroma 

(Frotessoc H. W . Fullerton, Dr N. B. Bennett, Dr P. Bennett, Dr A. A. 
Dawson, Dr D. Ogstcr., and Dr M. Otrscon, University of Aberdeen) 

This group o; workers is studying certain aspects of the mechanism which 
results in the clotting of the blood and how this might alter due to the inter¬ 
play of several factors. The research falls under three main headings which 
ate n’orinolysts. platelet adhesiveness ar.d a factor which clears lipid from 
plasma. 



Fivrhiohsis 

This is the pcoopil|y which the structural proteinaceous material of a blood 
clot is enzvm|e?uly degraded to soluble ocoduccs. It is a very complex process 
which involvgrs sffiferal interlocking reactions. Thus an inactive globulin 
d plasma, namely plasminogen, is activated under suic- 
o an enzymically active protein, plasmin. Plasmin can 
degradation and solubilisation of fibrin and dissolution 
civacion of plasminogen is brought about by substances, 
rich occur in blood, urine and in body tissues. These 
unteracted in their ability to catalyse the formation of 
ogen by certain inhibitory substances. Active plasmin 
ibteed and there are therefore two separate parts of the 
ht be restrained. 

derstand this system more fully, several factors which 
process of fibrinolysis have been, studied. It has been 
s occur between men and women which are presumably 
o hormonal causes since it can be shown for example chat 
§}? estriol to men decreases significantly the level of and- 
This may partially explain the lower susceptibility of 
five age to atheroma and thrombosis. After the mcno- 
Jity of females rapidly appcoaches that in. males of the 



occurring in 
able circums 
then bring ab } 
of a fibrin clo 
termed activ 
activators ca 
plasmin fro 
caqpg^lf als 
sys§gg$g£vhic 

have ah effee 
shown that 
at lease in part 
the adminiscr; 
plasmin in c 
women of r 
pause the su 
same age 

Following 
the heart m 

increase in p|ili§^|oluine and changes in plasma plasminogen similar to 
those which occur after injury. It is thought chat the changes which are 
observed are probably due to the metabolic effects of damage to tissue rather 
chan caused directly by thrombosis itself. 

The different properties of arterial and venous blood have been examined 
and it has been shown that there is a higher activator co nee n era don in blood 
from a vein though ocher components of the system have similar levels irres¬ 
pective of whether the blood is venous or arterial. 




yocardial infarction, where the blood supply of part of 
interfered wich, or after surgical trauma, there is an 


^5 



http ://legacy.library.ucsf.edffl r tid/ipfORap§/^ieWA/w.industrydocuments.ucsf.edu/docs/flxl0001 



[ L/i 

ro 

ru 

m 

U 5 

CO 

! CO 

I u> 

1 ^ 



Bh8G9C029 







In obi Si subjects me concentration of accivacar is reduced buc there does 
not appear to be any increase in the levels of anti-plasmin or anti-activator. 
When, however, obese patients arc starved under controlled conditions with 
the primary objective of reducing their weigh:, a peak of fibrinolytic activity 
appears ir. the initial-stages of starvation. 

When. :he drug accomid was administered CO patients it lowered plasma 
fibrinogen and serum cholesterol. A transient rise in plasma plasminogen was 
ap-S-g recorded and chese studies illustrate how examination of the different 
of the blood coagulation and clot dissolution systems can aid in 
tpfaveiling the mechanism of che action of drugs of this nature. 



PTrusls probably an important factor in the formation of blood docs since 
ojgfeg lp he earliest evencs in the nocmal doccing sequence is- che accretion of 
;|yyj||y|in large numbers. 

adhesive ness of these small cells has been studied using two methods, 
d fe& miB&o and the ocher in vitro. 

fTlecarv factors have been studied for their effects and it has been shown 
iw m ms don of one dose of glucose or sucrose or the prolonged adminis- 
of excessive dietary sucrose over several weeks shows little effect, 
.ij&ckkg no change has been observed following fatty meals. 

PCmPmltte smoking has been shown usually to increase placelec adhesiveness. 
yaM flown that there is a predisposition to thrombosis in pacicncs who 
hatSw^dergone surgical operations and studies on such patients have shown 
maglliaicha nges in platelet adhesiveness which may have some relevance co 
cI~rr"ffQ'ic-opecauvc thrombosis. 

of dexcran has been shown co reduce platelet adhesiveness and 
tkcancLjhrombodc effects of chis substance are being further studied. 

of clearing of lipid is observed when, after administration of 
kpptll^plasma from the subjecc is incubated in vitro with a suitable fatty 
substrate. It is probably one of the mechanisms which results in the clearing 
of lipid from the blood after a meal. 

Observations have been carried out on chis parameter in subjects of 
different age and sex and it has been shown that in men over about <o years 
of age there occurs a sharp fail in the amount of iipid clearing factor. Men 
under to have levels similar co those of women of all ages. It is not possible 
to distinguish a difference between atherosclerotic men and normal men 
though patients with hypertension show significantly higher than normal 
levels ever, in che absence of cardiac symptoms. In patients suffering from 
congestive cardiac failure the clearing factor level rises and fails only after 
complete recovery from the condition. 

Inhibitors of ekarinu ac::vitv oris:. These are increased in apparent;;.- 
normal men over to in parallel with the fall in clearinu aenvitv. There is 
inhibition man normal in subjects with cardiac failure, inhibitors increasing as 
failure is treated. In hypertensive subjects. however, inhibitors are not 
reduced in association with the increased clearing acciviev, so char die meetvan- 
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isrns ot increased clearing in hypertension and in cardiac failure appear co be 
dinerenc. 
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ing the effect 
A dye dil 
changes in ca 



king on the cardiovascular system 
:d, Dc D. W, Irving, Mr G. Makin, Dr B. Pencecosc, 
ahd Dr L. Zacz, Royal Postgraduate Medical School, 


orced research into the effects of smoking on the cardio- 
enlth and disease carried ouc in association with the 
eh Group of the Medical Research Council ac the Royal 
School of London, of which Dr j. P, Shillingtotd is 
mme of che Group is co carry ouc research into the 
blood Bow in. normal subjects, in patients with coronary 
ertensive patients, in patients with valvular disease and 



pheral vascular disease. The Group will also be examin- 
g on cerebral blood flow. 

technique developed by the Group for recording serial 
rpuc was used co study the effects of cigarette smoking 
and intravenous nicotine on the cardiac output, "Sham” smoking an unlit 
cigarette or smoking without inhaling caused only slight changes Ln the 
cardiac output of normal subjects. Smoking with inhaling and the injection 
of intravenous nicotine increased che rate of che heart, total cardiac output, 
stroke volume and che systolic blood pressure. The increase in the stroke 
output of the left ventricle was up to ico per cenc of ics resting value. 

JPatients who had had myocardial infarction or were suffering from ischae- 

<>5 
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rrjc heart disease were scudied by measuring the effect of smoking cigarettes 
ar.d of in:actions of nicotine tartrate on their cardiac output, blood pressure 
and pulse rate. There followed the usual increase in heart race and blood 
pressure but some patients among che posc-myocardial infarcuon grouo 
snowed a marked fall in stroke volume and cardiac output while smoking. 
The fail in stroke output was as high as 40 per cent of the resting output. It 
was possible to produce left-sided cardiac failure in some such padents. Dr 
Sh&Uingford considered it reasonably clear that cigarette smoking was prob- 
ul to the majority of padents who had had a coronary thrombosis 
t it 5 threw an extra load on a heart which was already damaged by 

eS? have been made on the effect of nicotine in padents with valvular 
nee. In those with aoruc or mitral incompetence, che effect of 
r che administration of nicotine was to increase the peripheral 
ehand the heart rate and produce more effective valvular incompe- 
r.ough the stroke output of the left ventricle in mitral or aortic 
nee increased due to the geeater resistance, the effective cardiac 
. Dr Shiilingford considered thac in this condition also smoking 
-indicated. 

aues have been developed for the measurement of venous Flow and 
used for the study of peripheral vascular blood How and muscle 
and for che study of renal vein How. Preliminary studies have 
d out to invesdgate the reports that nicotine may have a direct 
peripheral blood vessels in addition to its effect in stimulating 
tliminarv findings suggest chat nicotine has a local dilating effect 
■ridence is necessary. 

^ponse of nine patients with atherosclerotic obs true don of lower 
11 - <|is to intravenous nicotine injections has been scudied. As well as 
aa se in cardiac output there were flow ana resistance changes in the 

isc yilmb. An ini dal increase in flow In the calf was noted for about 

chi aiiccs, followed by a temporary constricdon and decrease in flow for 
ab< ||amt period. 

lias also been carried out with dogs on certain reflexes originating 
in the heart. These reflexes may be excited chemically by nicotine, among 
ocher agents, though their chvsical stimulus is unknown. Activation of the 
reflex results In a slowing of the heart, fall in blood pressure, fall in power of 
contraction oc the heart and an increase in muscle blood flow. A similar 
pattern ins been seen in man following acute myocardial infarction, chough 
it remains to be seen whether reflexes of this sort can be excited by che pre¬ 
sence of r. mvccardial infarct. 
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S. ractocs related to vascular disease 

J. Kingsburv. 5t Mary’s Hospital, London) 

The Council contributed tor a period of three years to the support of research, 
organised by Dr Kjr.gsbury, into the relationship of different decrees and 
types of disease of eke aorta, iliac and femoral arccries to biochemical abnor¬ 
malities, particular tv in clooci hpics, and a number of personal and environ¬ 
mental facto:.'. The hypothesis underlying the research project was cr.ac 
atheromatous vascular disease could nor be considered homogeneous bio¬ 
chemically or bialoe Lruliv and that dure rent forms or dee tecs of the disease 



might be associated *.v:ch different biochemical abnormalities ana different 
personal or environmental factors. 

Titc first requirement was to develop an improved method ot classifying 
arterial abnormality. procedure was developed foe classifying arterial 
disease on the basis o: visual inspection of the arteriograms, measurement ot 
the length of irregular:ties in arterial walls in the arteriograms, comparison 
of X-ray reports with arteriograms, and observations of surgeons at opera¬ 
tions. The peik**ntage involvement of the aorta, iliac and femoral arteries was 
calculated. TI§Upro|cdur£ was considered to be reasonably reproducible 
and was chosenas an acceptable beginning. 

The artcria^ frradi os were then compared with the results of biochemical 
tests. The bio^J^^^rdeterminations proposed included fatty acid composi¬ 
tion. of plasma^tffefsVpholcsterols, phospholipids, glycerides, unesrerined farcy 
acids a ad uci^^ ^jj^ fevels of the plasma, response to glucagon, adrenaline 
and glucose biochemical response to smoking and oral glucose 

tolerance. G! vfSoTysiiw as used as an example of cell enzyme activity. 

Informatio^^g^lso sought on personal factors including age, weight, 
blood pressurlTb jpo Q group, electrocardiograms, health history, occupation, 
bo<^^^asur>^^^^^place of residence, diet, smoking habits, exercise and 
expgjigs^l to rr^$|&i stress. 

ouc ' resu l ts supported the hypothesis that 
amdromatous fvafcuTir disease could not be considered homogeneous bio¬ 
chemically or|piisg|caU\\ Differences were found between peripheral and 
central diseaand mild disease, and patients with aneurysms. 
Glucose roiec^f®^^^^ found co van' with the type of disease. Patients with 
achcconnatous^scufsr disease appeared to include more cigarette smokers 
than the popiJf?EiSS ,t *esr.erally. It was observed that smoking could reduce 
the blood even in patients with a reduced giucosc tolerance. It 

was also founa fnfcfin several subjects, red cell glycolysis could be sharply 
increased in tl^l^^^ours after smoking ordinary or low nicotine cigarettes 
or small cigar^a^^aat this effect survived in scored plasma. Injections of 
adrenaline didp^^%duce these effects. 
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9- Metabolism and the cardiovascular system 
(Professor W. j. H. Butterfield, Dc N. Cohen, Dr M. Ilahi, Dr I. McGill, 
Dr T. Northfield, Dr Z. Rihan, Dr J. Wafcclin, Guy’s Hospital Medical 
School, London) 


la the 196.1 Bedford Diabecic Survey a large number of unrecognised diabeces 
cases were found, and workers in Professor Butterfield’s Department un- 
cofkred a» correlation between the height of the blood sugar during the 
gltic^^^cnmce test and the prevalence of vascular disease. The possibility 
exists that these two findings may explain in pate the rising incidence of 
coi^ffgat^lhrombosis. Increased understanding of the factors involved in 
ob&atid&a to the blood flow in peripheral vessels should provide informa- 
ly about the pathology of such conditions as gangrene, but shed 
on events in. more central and vital organs such as the heart and 
work which Professor Butterfield and Iris colleagues have been 
:c in this field, with support of a grant from the Council, falls into 
jcategocies, namely, srudies based on blood flow measurements 
m|tabpUc investigations. These workers have been concentrating more 
aspect, as a means of categorising the cases for subsequent meta- 
ivestigacions. Two techniques have been developed to follow the 
jin the peripheral vessels, one for the legs based on foot plcthysmo- 
i'r.v and the other foe che fingers based ort flow calorimetry. These methods 
kvidc and general use and were used in the investigation and Cteac- 
>ouc thirtv patients in Guy’s Hospital during 1965. In both types 
desired to estimate the degree of vascular disease and rhis requites 
an estimate be made of the maximal flow which will pass through che 
:is which in turn demands removal of all tone of the blood vessels. 

I sc of the fingers this is achieved by body heating, and forty-seven 
Lavnaud’s disease have been studied. A trial of the fibrinolytic 
phent’otrain, in Raynaud’s disease associated with rheumatoid 
>eing organised. 

Ik blood flow in the foot is induced by arterial occlusion foe 
ao minutes and measured plechysmographically. This technique has been 
used to seek che effects of various diseases and treatments on peripheral 
blood flow. I: has been used to show that there is impaired blood supply to 
the feet in diabetics, and it is hoped i: wiil provide a means for detecting the 
pcosress of disease and the ejects of treatment. In a study covering thirteen 
cases of peripheral vascular disease with and without mild diabetes it was not 
found possible to trace any significant erfect on peak blood flow tor cyclo¬ 
spas mo I, nor any change of vascular tone as iudged by the resting blood flow. 
In a second study, che response of eleven patients co dohbrace (aeromid) was 
investigated using die same method. The results were equivocal, some patients 
showing excellent clinical responses and improved peak blood flows, others 
showing no response. 

T!iess results indicated that add:floral information about hypcr.-.emia was 
required before classifving rurents and treating them. This led to a study of 
the biochemical basis of reactive hypcracmia and control of muscle blood 
flow. One clues cion of interest was whether the biochemical mechanism of 
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reactive hyper^^;, itself be sheered in diabetes and atherosclerosis. 

Trus ied to an investigation of the .mechanism of reactive hyperaemia, the 
>icsc results ot which have been published (Abrams. Barker and Butterfield. 
* 9 ^ 5 ). They show the: ischaemia makes the muscle arterioles extremely sensi¬ 
tive to the level or* circulating catecholamines and the muscle vasodilatation 
a;tc: cccius:ar. of t::e circulation may he due at lease in par: to this proccj:. 
mtUL-.g the vessels sensitive to the vasooiacoty crfccc of circulating adrenaline. 
It seems clear that mechanism is a ns c ted by angiotensin. It has become 
apparent tr.ar it is necessary to measure blood viscosity in patients before 
attempting to test therapeutic agents such as cvciospasmo! and clotibrate. 
Tnis is now being undertaken together with studies of sympathetic tone and 
both have Dean shown :o have considerable clinical value. 

Ocher stucies have been undertaken using an inrra-actecial catheter which 
can dc passec down :h.e femoral artery to pierce and rc-canalise the athero¬ 
sclerotic blockage in :r.c artery. The only difneuley is chac, as the blood flow 
returns, a large number of emboii are carried down into the lower limb, so 
chac root blood How may not be improved, lc is planned, therefore, to investi¬ 


gate the poss 
puncture and| 
from above. 

Ocher devsjjfo. 
scope which ii 



f collecting the fragments of arterial wall by a second 
below, or by developing a new catheter for suction 




ts include work to be carried out with an arterial eado- 
_sent being constructed. A study on the clinical applica¬ 
tion of hvperSaric o|cygen in the treatment of ischaemic gangrene has also 
been begun re| 

In regard studies, further epidemiological work on the corre¬ 

lation between hypecsiycacmia and electrocardiographic changes in diabeces 
is being unde^Lii^i^n a new study which has just been started. 


*t- E.. ipS^r, D. T. P., and Bucccriield. W. J. H. (1965). Clin. Sci., 29, j(Sj. 

Studies of blood viscosity and foot blood slow: effects of low 
molecular w algneoexlran. (To be published.) 

McGill, I. Rtpt., it/, 91. 

McGill. The blood vessels.(T»bcpublished.) 

N'orchdsld, T. ar. a -flaWE*?-?I d w, j, H. Erect of ar.ciotensin on rcaciivs hypcraerr.ia of 
human fore a rubiished.) 

O’Brie::. M. p H jV:lcy, S . s.-.j Bu;:s::;c:d, VT, J. H. Studies of effects of cvciospasmo l and 
clod's rate an dr peakteffc: blood ilovv. (To be published.) 

Rihar., Z, Zinc n tctaboliil r. ;r. alloxan diabetes. Ph.D. Thesis. University of London. 




10. Retinal 
(DcGT.Dol 


:irculation in vascular disease 

yal Postgraduate Medical School, London) 

The Council is contributing to the sucpoct of research by Dr Dollery into 
methods for studying blood circulation through the arteries and blood 
vessels of the retina c: the eye under varying circumstances in man and 
animals. One of the f.:s: experiments carried out was to observe the erects 
of retinal arteriolar occlusion. Following this, in co-operation with the Eye 
Pathology Uni; of the Institute of Ophthalmology, a detailed correlation ot the 
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changes in blood flow and retinal structure folio wing cmbollsadoa has 
been mace. 

The retinal arterioles spread outwards from the optic disc like the branches 
of a tree acd like the smaller vessels of the brain and heart they have no direct 
anastomoses between one another. It had been though: due blocking a small 
arteriole of this kind would lead to immediate cessation of how through its 
territory, but the present work has shown clearly char this does not happen 
and has given a new insight into the mechanisms whereby larger diameter 
rvelop which carry blood flow from normal vessels into the terri- 
^one which has been blocked. 

rcace angiograms performed immediately after eenbolisadon have 
the main trunk of the arteriole is blocked at the site where the 
>dgcs but the vessel fills from the periphery via capillary colla- 
the surrounding patent arterioles. Tliis is possible because the 
ed is an extended branching network rather like a sheer of wire 
a pathway exists through the capillar/ bed along its high pressure 
n one arteriole and the next. This phenomenon has been named 
ollatecal flow” aad is important for two reasons. Firstly, it pec- 
low to continue within the territory of a blood vessel that has 
d. Secondly, dilatadoo of some of these capillary channels allows 
flow to increase eventually to a point where flow is restored almosc 
a the pig this sequence of flow changes takes four to six weeks, but 
ion of capillary collaterals is evident after only three or four cays, 
■etlnal blood vessels do not leak, but abnormal vessels in patients 
lood pressure and diabetes often do. The experiments in the pig 
igi’.t on how this happens. Glass microspheres which lodge :n 
ten move slowlv down to a more distal oosiden ar.d the Isngtn ot 
rich has been transversed in this way often leaks the fluorescence 
n microscopic studies of the lining of these smaii arterioles shows 
e cakes place when the endothelial ceil has been damaged and 
e sometimes occurs from these sices. 

cy to observe the sequence of changes in a blood vessel which is 
a pathological process over hours, days or weeks is a substantial 
advance in the understanding of vascular pathology. The work is continuing. 

R*yVr/.vw 
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Dollery, C. T. Se,e.. . i i ;S. 
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Section Birth IF '-‘eights and Perinatal Mortality 






Smoking in relation to birch weights and perinatal mortality 

(Dr. X. R. Busier, National Birthday Tcusc Fund. London) 

l t’.’S -.nvestic-aoncorMitadot the analysis of data concerning the precr.ar.cief 
.ine denvcrics u: 93 per cent of ail hicchs (apDtoximateiy ir,ceo) occurring in 
Un^.ar.o, See: And ar.i Wales during one week in March, 19'i. r.r.c 94 pc-' 
ccr.t 0: ail 5cti,births deaths of infants up to one month of act (approxi¬ 

mately 7,000) occurring during the months of March, April and May. 195 
The basic data were 0 brained from a detailed Questionnaire com ole red ac the 
birth of the in fane. 

The aim or the investigation was to relate ch.e outcome of pregnancy, as 
far as possible, to factors thought to affect the survival, health or birth wejgnt 
of the baby. Smoking during pregnancy had been repotted to be associated 
with low birth weight, although there have been conflicting reports about its 
association wish foetal or infant death, in part because of the small numbers in 
previous sun *^|Sg§^ 

Prcliminar\||Sitirr^ation of the data revealed thar about a third of the 
mothers had smok©& during *he second half of pregnancy. This period was 
chosen becausp h|Wa'| thought to be the time during which smoking might 
exert a mardn^^ii^|:cr on chc baby. The proportion of babies weighing 
j-1 lb. or less ,c ig|e relational definition of prematurity) was found to be 
p smokers than non-smokers, and co increase with the 
smoked. Although there was an associated excess of 
nancies, this factor did not entirely accounc foe the 
irth weight of the infants of smoking mothers. Both 
neonatal death rates were significantly raised in die 


significantly 
number of ci 
abnormally shift 
reduction in 
the jtilUtirch 
smc^LtnI| gcou* 

fver, a| reyious findings, there was a marked excess of mothers of 
h parity (number of previous babies) and advanced 
the smokers. In those groups, Butler and Bonham 
mortality to be higher than average. These factors are 
nother and mothers of lower social class mors often 
: children and at beer ages than those of higher social 
abnormally early delivery and particularly low birth 
non among such mothers. It was clear that only a 
il approach could disentangle these enacts and answer 
smoking during pregnancy was associated with low- 
leased infant and foetal death regardless of anv other 

y. 

adverse factors 

This analy^s™was^ first carried out using multiple regression analysis 
(Fcldstein, 196 y) of the proportion of deaths and low birth weight babies, 
with variables such as social class, age, parity and length of pregnancy. From 
these results it appeared chat smoking was associated with low hirer, weight 
and increased stillbirth and neonatal death rates, even when these other 
factors were discounted. To test the validity of these results, a different 
method of analysis, involving a logic transformation of proportions is being 




maternal age 
(19G5) found 
associated on 
have iarcer n 
class. Further 
weigh: are m 
sophisticated 
the qu«don 
birth weight 


71 



¥: 

ert . 









http ://l eg acy. I i b ra ry. u csf. ed u/t&ttapnQ^aKXf^cff w w w. industrydocuments.ucsf.edu/docs/flxl0001 


650363857 






carried out. Most of this work has now been completed and confirms the 
results obtained by Feldscein’s methods. 

Other Questions that have been raised in the past are on the distribution of 
blood groups in smokers and non-smokers, the incidence of toxaemia in 
pregnancy in smokers and non-smokecs and whether there is an alteration in 
sex ratio in the babies of smokers. The findings from the present secies were 
that there was no difference in blood group distribution between mothers 
who were known eo have smoked, and chose who did nor. As one would 
exce^fei group of mothers of higher mean pariev, prc-eclampdc toxaemia 
wa|g|rtace less common amongst smokers than non-smokers. The sex distri¬ 
bution ofcinfants born to mothers who smoked did not differ from thac found 
in Ifabi^s «' mothers who did not smoke. 

contributed to the cost of the work described. 


. ar.d Bonharn, D. G. { 1963 ). Perinatal mortality. Edinburgh, E. &: S. Living- 


Fe!csiirp3Sl| 5, ( 1965 ). Br. J.prey, sat . AW., tj, 135 . 

Fci qstci a. S. and Sutler, N\ R. (cg 6 j), Br. J. prey, sot. Med., j it. 




Stew jSTr/ Main Causes of Death 

.iAk J 


Diffidences in morcalicy patterns of South African born men 
an c< wo rsen, British and ocher immigrants to South Africa, and 
resIMSi of England and Wales 

supported a comparative study, which has been completed, by 
Dr Deln of all causes of death of South African born men and women. 
British and other immigrants to South Africa, and residents of England and 
Wales. The purpose of the inquiry was to find out whether there were signin- 
canc differences between these population groups in any of the main causes 
of death, since these might point to possible effects of differences *.n genetic 
factors oc in environmental factors in South Africa oc the country ot birth. 

Age-scandardised comparisons of a number of the most important diseases 
showed marked differences between the white South African born popula¬ 
tion. immigrants from the L : .K. and residents of England and VC ales. Mate 
lung cancer was highest in England and Wales, intermediate in British 
immigrants to South Africa and lowest in white South African born men. 
The male mortality rate from bronchitis in England and Wales was ; V times 
the rare of white South African born men. Dr Dean reported thac although 
v.j’.ite South African men smoked more than men in langland and Wales, 
their risk of dying from bronchitis was much less, while the British immi¬ 
grants who settled in South Africa lose the nigh British risk of dying from 
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chronic bronchitis. Coronary thrombosis was a major cause of death among 
\vlucc Soutii Africans and was much higher than the corresponding race in 
England and Wales. Immigrants from Britain had a coronary thrombosis 
mortality race only a little higher than the population of England and Wales 
at ages 45 m on, although most of the immigrants settled in the cities where 
tr.e >ouch A mean bom population had a higher risk than the average tor 
South. Africa ,i?n whole. 

Dr Dean ,'uded the: it was becoming increasingly possible to identify high 
ris.< groups ;or dincren: causes of death and that people in these groups could 
otcen oc advised how thev should alter their wav of life and so lessen their 
risk. 

Ke/irmet 

Dean, G. (tnii<:. S. Afr. »:rd. ].. >\ July, Supple men:. 
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Parc IV. PSYCHOLOGICAL ASPECTS OF 
SMOKING 



ocrelaccs of smoking 

tery, Tavistock Institute of Human Relations) 

< 5 % Council agreed to participate in a study by Dc F. E. Emery of 
tojk Insticucc of Human Relations, carried out in co-operation with 
de Surveys Ltd, which included research into the motives foe 
'.e study was designed and its analysis has proceeded on rhe 
tp.ic tobacco was one of a class of objects that arc commoniv used 
nd control the emodons, either because these emotions are felt 
I in themselves or because, whether painful or pleasant, they 
me ongoing commitment. 

lity sample of a,j it English adults was interviewed. A compre- 
<^uesdonnaire was used which included the Tomkins-Horn picture 
tests, the Witkia embedded figures test, the short form of the 
rsonalicy Inventory and a short vocabulary test. Dr Emery has 
ed the stage in the analyses of his data when systemadc conciu- 
sible but he has added to knowledge of factors which ate corre- 
okine. 

onaiity types ace more prone than others to be smokers rather 
okers, cigarette rather than pice or cigar smokers, heavy rather 
mokers. inhalers rathe: than non-in halers. Professor H. J. 

had found an associadon between cigarette smoking and 
;>s measured by the Maudsley Personality Inventory). Tlus has 
rrhtd by Dr Emery. Professor Eysenck failed to hr.d an association 
retce smoking and neuroticism, and Dr Emery’s findings sug- 
! d char there mis’nc even be a negative relation between the two. Dt 
ey considered, however, that the joint use of the extraversion/intro- 
on and the neuroticism (or emotional stability instability) scales of the 
asiev Personality Inventory did not adequately define basic personality 
s. He therefore subdivided the extraverts ana introverts into the four 
:ories: 


A. Extroverts preoccupied with other people social extroverts) 

S. Extroverts preoccupied with action cn the oucsidc world (i.e. object 
excraverrs) 

C. Introverts preoccupied v/ith inner emotional processes 

D. Introverts preoccupied with conceptual thinking 

Acetrain" uDr limerv, A ar.d D were hasicaiiv the more stable modes o: 
life. Dr Lmerv i'.as reported that preiiminarv calculations showed chat these. 
::vr*.-r..iiitv :vncs showed some relations with occupational cvne and the 
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presence ot* ar, intuitive or logical mocc ot thought. These factors in turn 
appeared to artect the innuencc ot personality type on smoking. 

Ar:er anaivsing the situations most associated with me use ot tobacco, Dr 
timerv concluded ch.r.t his dim implied a theorv in which the three main 
cauii? or srr.c.iing. :r. order o: importance, were a need to concent rate. 
ncec t.a nnsc: u credo. - .: and a nceti to relieve tension, More oencrauv. smoi-ur. c 
apreiteu to :i;51 t:*.e threshold to conscious tetiincs ot distress w.cr.ouc any 
cure;: once: cr. excitement or 0titer affects. 

A :uii repot: will be published in due course. 

Ri/Vr.-'V. 1 

tyscr.vh. rl. J.. Tarrar.t, ' Yv'oolr. M. and Hay land, L. f: 960',. or. .i.'-r.i.J.. I, laji. 


z. Behavioural cffecc of nicc-cinc absorbed during smoking 

(Protesscr H. ^ Eysenck, Institute of Psychiatry, University or London) 

The Council agajplP|n tg<Si to support, as a follow-up to studies that Pro¬ 
fessor H. J. Eysenck had carried ouc into the effects of sdmulant drugs on 
behaviour a r.$T pgrs^nalicy, a study of the behavioural effects of nicotine 
absorbed dur aafe^^ kinp. While Professor Eysenck did not suggest that 
nicotine was tf!esoTe| reason for smoking, he considered that nicotine mighc 
have a sdmul^^c^^'ccr chat was a prime faccot in the continuation of the 
smoking habi^^ ^djj had developed. Professor Eysenck therefore designed a 
secies of expblirrient| to examine the psychological effects of nicotine, co 
ill doses of nicotine, ecuivalenc to those absorbed by 
hoduce stimulant effects, and also to give some insight into 
ifhis stimulation occurred. The tests were chosen to cover 
rhavioural functions from the effects of nicotine on sensory 
Ion complex motor skills. 

jychological experiments led Professor Eysenck to che 
jr.e-induced changes in the performance of these exper;- 
yt with the hvpothesis that nicotine acted as a stimulant 
fhavloural effects produced by it were similar to those 
mutants. The pattern of changes caused by nicotine was 
intent by two other factors, namely, sex differences and 
fmokets and- non-smokers in personality and tolerance 



discover whe 
smoking, wo'did 
the |H$^Lerm 
a wMi&gggijinge 
co it 
r.rsc ser: 
conclusion th 
merits were co 
drug, and the 
produced by 
confounded : 
differences be 
ro nicotine. 

Further sc 
and the Mau&sl 
experiments v 




tpcrlmencs were carried ouc using both human subjects 
reactive and non-rcaccivc strains of tats. Some of the 
an subjects were designed to see whether introverts 
had lower sensory thresholds than excrivects, whether nicotine lowered 
sensory thresholds, and whether there was any Laceracdon between these two 
variables. In seme though not Lr. all the experiments, the results confirmed the 
hypotheses advanced. 

The experiments with rats showed that injections ot nicotine tartrate 
improved the efficiency of learning. Some further experiments with human 
subjects followed. Professor Eysenck has put forward the suggestion that 
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habir of smoking a cigarette during a rest interval when engaged on some 
mental cask may be useful in chat the nicotine consumed may aid "consolida¬ 
tion'’, in which several associations become hxed oc consolidated, and thus 
enhance learning and memory. 
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i 5 arc V. PHARMACOLOGICAL ASPECTS OF 
SMOKING 








Section i, pbanua;>>logical Leseanh at TKC Laboratories. 
Harrogate 

Three main lines of pharmacological research are being carried out i; TRC 
Laboratories. Harrogate. These are investigations or the crtects of smoking 
and or nicotine on the central nervous system, on the peripheral nervous 
system and on animal behaviour. Some experiments have also been carried 
out on the dft>c«sajf nicotine on the mobilisation ot* glucose and free fatty 
adds and on^h^i^^sition of body fat. 

Some effects ofi Kteotu fUkn: the central nervous system of cats 

In order to s|ug|y&£ direct effects of nicotine on the cencral nervous system, 
uncomplicatfooylfdy peripheral actions of nicotine, experiments were carried 
our in which^jgteadpe was injected directly into the cerebral ventricles of cats, 
using the technique devised by Professor VC'*. Fcldbccg a* the 

National InsSrftiteror Medical Research. One of the characteristic erects of 
nicotine itije^^^l^this route in amounts ranging from i-ioofig (base) was 
vi gorou s twK ctlii g'of the ears. This unique response was fixsc reported by 
Agj^lige, Morrison (1961) and by Hall and Reic(J96j). The sice 

opgs^n of aggjecLne in eliciting this response has been localised to the upper 
3£Q||gi§gl coct La Xfik^ccion of nicotine could be potentiated by physosdgmine 
a naneoscig Mac un d er suitable condidons, probably due to inhibition of 
brain chotin||g$jg||jjj| A likely mechanism by which nicotine caused twitching 
of the ears woftk La opcar to be mimicry of the action, or perhaps release, of 
acccylchoUnssggsSI^Helccncral nervous svstem (Armitage, Milton and Morrison, 
1966; Armid^fTHsll, Milton and Morrison, 1966). The disc results of further 
work whicrvTTTElU in progress are tending co confirm chat one action o: 
nicodne in tAy^o^s to release acetylcholine in the central nervous system. 

Sheets of tobacco smoke on blood press:/re and release of catecholamines 

from the adrenalsand/ 

Ggirecte snp§ii§l§|s introduced into the lungs of a cat under carefully con¬ 
trolled condidons and the resuldng rise in blood pressure compared with the 
rise caused by nicotine acid tartrate injected intravenously (Armicage, 1966). 
The effect on blood pressure of a single puff of cigarette smoke was almosc 
identical with the effect of half the amount of nicotine in the pun injected 
intravenously. The last puff of a cigarette was found to contain two to three 
times, as much nicotine as the first puff. Ic is likely that the nicotine intake 
during the smoking of a cigarecce is equivalent to a secies of small but pro- 
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gressively increasing intravenous injections, The rise of blood pressure caused 
by tobacco smoke appeared to be due to a substance or substances with the 
properties of nicotine, though it is not possible to state that the increase in 
blood pressure was due solely to the nicotine concent of the smoke. It seems 
likely thac only smokers who inhale deeply and rather frequently will attain a 
sum.ciendv high blood nicotine level to cause a release of catecholamines 
from the adrenal glands. Whether the amounts released have any physio- 
significance has not been elucidated. 

blood pressure resulting from a small intravenous dose of nico- 
ae did not appear to be entirely accounted foe by sdmuladon of 
ganglia, release of catecholamines from the adrenal glands or by 
cor stimulation. The possibility remained thac direct sdmuladon 
ocor centre was involved. 

tine on spontaneous motor activity of mice 

cdvicy of mice was measured in automadcallv recording activity 
effecc of nicotine on exploratory behaviour and spontaneous 
tested in three strains of mice, singly and in pairs, in an exten¬ 
or experiments. The nicotine was usually given subcutane- 
3 mg/kg), and in a few experiments nicotine was injected directly 
vein through a polythene cannula (o-oooj-o-ooa mg/kg/50 see.) 
unuces. la all these experiments there was a dose-deccndcnc 
motor activity though there were usually a few mice chat were 
even the highest dose (Morrison and Armitage, 1966). Different 
ce varied in their sensitivity to nicotine. Whether the reduction 
n with the smallest doses of nicotine was a behavioural enecc 
,*nnce, or whether it was a toxic manifestation, was not certain. 

motor activity following relatively high doses of nicotine also 
rats. 

Ejje c WfWuicd tine on fret-operant behaviour of rati 

The I sagggggj of four dose levels of nicotine (0*05-0-4 mg.kg) injected sub¬ 
cutaneous iy were studied in hooded rats trained to press a lever on three 
different schedules of reward (Morrison and Armitage, *.966). In one experi¬ 
ment, the rats had to press the lever tiicy times for each reward, in another 
they were rewarded on the average once every two minutes, ana in the tided 
experiment the rats were rewarded only when there was a pause of ac seconds 
or more fceerreen responses. The ed'eccs of nicotine were compared with chose 
of the stimulant drug amphetamine. 

On the count schedule of reward, nicotine acted as a stimulant, usually after 
an irucial period of depression, but the results were irregular due to the small 
numbers of animals. On the variable interval schedule, the two Highest doses 
caused tirsc a reduction and then an increase in the rate of lever pressing: the 
two lower coses did not cause initial depression and the stimulation was iess. 
Ties is an tm.oortanc observation show in*’ that the etfec: or nicoc:r.e on 
behaviour can be totally d Lae rent I: behaviour is measured short iv after 
subcutaneous injection or :o minuces iaccr. The smallest dose of nicotine 
(o.ct r.'.g/kg; which resulted in an increase in the rate nf lever pressing is 
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considered to be couciiiv ccjuivaienc to a "smoking” dose. The highest dose of 
ca mg/kg. on die other hand, which resulted in reduction of iever pressing 
betote stimulation, rr.av be a mildly tojdc one. Nicotine had less effect on 
rats ;n the experiments in which the rats were rewarded only when tncy 
pressed the iever relatively slowly. 

Both nicour.c and amphetamine acred as stimulants on all three sci-.eduics 
ot reward. Nicotine hid a geeatec cheer than amphetamine on cue variable 
interval schedule, but mo beta mine had the greater effect on the other two 
schedules. 
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on biood line o st andfree jetty odd (tush in the cat 
venous injections of nicotine on blood glucose and free fatty 
e been estimated in the anaesthetised cat (Milton, 1966). Ten 
iow dose of nicotine given during to minutes elevated both 
:c fatty acid levels. This effect was entirely due to stimulation 
gland. Larger amouncs of nicotine caused a large increase^ in 
cl, but the effect on free fatty acids was transient. After 
ai glands, the effects on glucose were much reduced, 
free fatty adds occurred. These observadons showed 
ee fatty acids is depressed during'hvperglycaemia. 


'stration of nicotine to rats 

given subcutaneous injections of nicotine (0*5 mg/kg) 
nchs to see whether an effect of nicotine on body weight 
led. There, were no significant differences between the 
weight, heart weight, kidney weight, plasma cholesterol 
io observations by ocher workers) and adrenal glaad 
.renaline (total concent). The amount of total body fat 
s was 57*a gms or 144-5 g ms P cr kg body weight, which 
from 57-0 gms or too-d gms per kg body weight of the 
The nicotine created animals had significantly lower 
f bodv weight, lower blood glucose levels and signifi- 
of adrenal glands per kg of body weigftc. Since the li\ cr 
carbohvdrace, the lower liver weights and lower blood 
seed that prolonged nicotine administration had de¬ 
ar e reserves. 





Sharmacalagica! approach to the brain from its inner end outer surface. 
,orfdon. 

be found to the list of papers by the scicncibc stan of the Tobacco 
aboflacorics (p. 92). 
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Section 2. Pharmacological Research by Independent Scientists 

1. Pharmacological actions of nicocine and related alkaloids 
from tobacco smoke on the central nervous system 
(Dr M. S. G. Clark, School of Pharmacy, University of London) 

Jer the supervision of Dr M. J. Rand, Dc Clark studied in isolated tissues, 
jind man, the pharmacological actions of nicotine and related alka- 
!s which had been idenciffed in cigarette and tobacco smoke. The alkaloids 
:d "^c zc nicotine, nornicocine, mecanicotine, anabasinc, mvosmlne, 
zij-dipyridyl, j-mechyl-6-(j-pyrtdyl)-cetrahydro-t :i oxazine, 
tetanicodne, N-methyl anabasine, codnine, nornicotyrine, pyri- 
11 ketone and pyridyt propyl ketone. The experiments showed that 
md the other tobacco smoke alkaloids possessed a depolarising 
the junction of nerve and voluntary muscle and caused neuro- 
biockade. The parallel dosc/responsc curves and the similar shape 
jccerisdcs of the effects of the nicotine-like alkaloids on two isolaced 
Iggested a similar site of action for all of them in these preparations, 
ilkaloids which were active in producing neuromuscular blockade 
^he monosvnapdc patellar tendon reflex in small doses, while large 
kibited the polysynaptic flexor reflex. Dr Clark suggested chat the 
:e due to stimulation of inhibitory mechanisms rather than blockade 
tocy neurones. There was a peripheral component in this action of 
■hieh was not evident with che ocher alkaloids, 
fears of cigarette smoke, of a nicotine aerosol and of a nicotine 
mixture, administered via a tracheal cannula, on the knee-jerk of 
Itr.edsed cat were also investigated. Administration or cigaretce 
!hd nebulised nicotine produced effects which were indistinguishable 
Ravenously injected nicotine, and rhere was the same rise or fall of 
:ssure for an equivalent blockade of the knee-jerk. The similarity 
|the effects on blood pressure and the effects on the knee-jerk of 
nicotine and cigaretce smoke suggested that the effect of cigarette smoke was 
due to the nicotine it contained. 

The evidence also suggested that nicocine. which occurred in tobacco 
smoke in considerably higher concentrations than the other alkaloids, was 
the most potenc alkaloid occurring naturally in tobacco smoke. Dc Clack 
estimated that the maximum contribution by che alkaloids other than nicotine 
in tobacco smoke to che pharmacological activity of the smoke could not 
exceed oe: per cent of the contribution by nicotine. 

In human subjects, inhalation of the smoke from one cigarette blocked the 
knee-jerk in light smokers but was without effect in heavy smokers. The effect 
on iighc smokecs was dependent on the nicotine present in the smoke. Smoke 
from cigarettes, specially made to contain only 013 per cent nicotine, 
instead of r he usual ii per cenr. was desert bed by the subjects as '‘insipid” 
.’.r.c had no effect on the reflex responses. The suggestion was made that kncc- 
ierks were most castlv blocked by cigarette smoke in people who reacted 
most rcadilv to speckle stress. It was also suggested chat che suppression of 
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spinal vertexes involved in continual irrelevant muscle twitches contributed 
to cranauillisation, and that this could explain the tcanquiliisina effect attr:- 
bucoci to tobacco smoke. 

5 ct the activity of nicotine on the central nervous 
u truest ion. whicn was consistent with the view or a 
;i workers, that some actions or nicotine on enc 
were mediated through or associated with ace:y.‘- 

It was also shown chat the acquisition of positive reincocccmenc condi¬ 
tioning by rats. i.c. the pressing of a lever foe a water reward, could be 
potentiated by nicotine (o-_l mg. kg subcutaneously). A smaller dose (o»i 
nig kg) did r.ot produce this effect. Potentiation of acquisition in similar 
situations has been shown bv other workers. The effect might be due to an 
increase of exploratory activity of the animals on being placed in the condi¬ 
tioning apparatus. This explanation has been used co explain a similar effect 
with drug mix|uces which arc used clinically co relieve anxiety. 

In order to 
smoke, measu 
lungs ofanaese 
The results su 
been transfer re 
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e absorption of nicocine by the smoker from tobacco 
were made of the nicotine in the blood leaving che 
ogs before and after the introduction of tobacco smoke, 
hat the nicotine chat was found in the blood must have 
e blood scream almost immediately. Nicotine absorbed 
■as distributed in che blood in essentially che same way 
fed by a series of small injections, 
ion of Dr Clark was chat there was much evidence to 
that smokers smoked in order co obtain che pharmaco- 
otine in the tobacco. Dr Clark suggested that a reason 
e an overall increase in general well-being of a person 
'el of mocorneurone activity and of muscle tone being 
chan in ochers. These levels of activity and tone were 
ease in a scressful situation. Nicotine absorbed during 
mococneurone activity by stimulating an inhibitory 
rd (the Renshiw cell). In addition there may be some 
urone accivitv arising from the effects of nicotine at 
S^han one mechanism may be involved, each being 
e. The final effect would be a composite one depending 
imimstration and dosage. 



1 . J. (1964). Nature, Load., 201, 507-8. 
and Vanov, S. (1965). Areh int. Pbar/naeodyn, l} 6 , j6j. 


2. Some pharmacological actions of nicocine on the peripheral 
autonomic nervous system 

(Dr S. Vanov, School of Pharmacy, University of London) 

The actions of nicocine on the peripheral autonomic neevous system were 
studied indirect!y by carrying out a pharmacological analysis of the mechani- 
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coi responses of several smooth-muscle neuco-encctors to nicotine and to 
other gansiion-stimulants. 

P&rzijmpetkomint: tic effects 

These included contractions ot the guinea pig isolated ileum and the rat 
urinary bladder in sit::. It has been confirmed that the contractions of che 
guinea pig ileum ace due to excitation of cholinergic neurons in the wail of 
)uc of 14 cigarette smoke alkaloids, tested on the guinea pig 
le was the most potent. Nicotine had no appreciable effect on 
ited bladder, but injected intravenously in pithed rats it produced 
Itcaccions of the bladder. Since these contracdons were abolished 
|-blocking drugs, but not affected by adrenergic neuron blocking 
is concluded chat they resulted from excitation of cholinergic 
cell bodies of which arc remote from che bladder wall. 

he tic effects 

ed contraction of the dog isolated spleen, retaxadon of isolated 
intestinal muscle (rabbit colon, rat duodenum and guinea pig 
relaxation of the guinea pig tracheal chain and stimuiadoa of che 
ulnea pig isolated heart. Pharmacological evidence from experi- 
various blocking drugs suggested that nicotine acdvaces an 
iccnanism resulting in catccholaminc-relcase, In experiments on 
dog spleen and on che rabbi: or guinea pig heart, it was shown 
\ oat ho mimetic effects of nicotine arc associated with che appeac- 
rfusace of a noradcenaline-iike substance. In an actempe to 
histologically the structures cn which nicotine may act to pro- 
ittathomimetic effects, che “chromamn” reaction and the hisco- 
techniaue tor catecholamines were employed. No chromaffin 
ctcd in the rat duodenum, rabbit ileo-coiic sphincter and colon, 
ea pig trachea, heart and taenia caeci. All these dssues, except 
contained a flic amount of fluorescing catecholamine-containing 
hich were shown to consist predominantly of nerve fibres. It is 
that nicotine acts on receptocs in the adrenergic nerve terminals. 

Eft:: ■;;/ the biood pressure of snaisthsti^ed cats or rzis 

The rise in blood pressure upon intravenous administration 0: nicotine was 
found co cesuic from stimulation of sympathetic ganglia and nerves and 
liberation of catecholamines from the adrenal medulla. The sympathetic 
scruc rates appeared to be more sensitive to the circuladng nicotine chan the 
adrenal medulla. 

Effect; of chronic ndneinistrr.tior, of nicotine on ihi sympathetic nena:ts system 
In one scries of cxnerimer.ts ta:s were excoscd cailv to cigarette smoke foe 
[5 days. In another series, rats were injected daily with nicotine for 56 days. 
The tats of the first scries did not differ from untreated controls in their 
reactivity to svrr.pathetic activation elicited by drugs or nerve stimulation. 
The tissue catecholamine content of the rats of the second series was not 
significant h- ciui’crenc from that of untreated controls. The results suggest 
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ehac cnromc repeated administration ot’ nicotine does not lead to functional 
alterations o: me sympathetic nervous system. 

RfjrrtHti'S 

Clar.<. M. S. G . Rir.J, M. ir,J Vanov, S. fifluii. s-\r:r. c iMrtvje.uffn-, / r<. i'j;. 

l iOitanoi, 13. C a., ar.d \ .:acv, i. (t au 0. Hr. I. *■.. _*f. ;; 7 . 

rii: s a vie. S.. M. :r:d Vanov. >. ii r. I. t 7 i . 







Relationship between chemical structure and nicotine-like 
activity 

(Dr R. B. Barlow, University of Edinburgh) 

The purpose c: this resea ten project is to cry co rind out which cherried 
Ctouos in nicotine give it its biological properties. Reladonsnips between 
chemical structure and nicotine-like activity ac sites in the peripheral nervous 
system had b<f&v ^scud icd by Barlow and Hamilcon (196a) bur, because com¬ 
pounds like ni££gjfPP|re agonists and thus activate receptors, it is nor possible 
co decide whelfier increase in activity indicates increases in affinity for recep¬ 
tors oc increa^^ua^Llicy to activate them. In the present work the aim is co 
prepare series j'^^^^^oounds which arc related to nicotine but which block 
receptors. These should indicate which chemical groups are associated with 
affinity for recj^^Miiknd by comparing the results with the activity of the 
scries of agon^^^^^.ould be possible to infer which groups are associated 
with ability tcTrr?jT«rj| receptors. 

An accurr.:p^|g|^;d has been developed for measuring the amnicy con¬ 
stants of antag onistsj ac the nxcocine-sensitive acetylcholine recepcors of the 
froajpliiius mpsHe^lhis method is similar in principle to chat described for 
the pS^S^:arme^i%sidve acetylcholine receptors of the guinea pig ileum by 
By teai^ cotc||giJ|j^nhfn^nn (19(55). However, because the responses with 
the frog reccusares^much slower in onset and take so much longer to wash 
out, the exoedpilliliSihave to be performed with automatic equipment over 
24 hours, instea^^L^eing complete in 2 co 5 hours. Experimental methods 
have been devggj^frtq,check that antagonists are competitive in that they are 
really combir-mg'wKr. nicotinic recepcors in such a way chat the esumace ot 
the amnicy conscanc^hould be an absolute measure of amnicy. Methods have 
aiso been cvo'&Ad^ggf measuring the affinity constants of partial agonists m 
this preparacidn^compounds which have some stimulant activity but cannot 
cause the tissv^^^^^icracc maximally). 

It has been shownthac when the methyl groups in tctramcchylammonium, 
dimethyl and dimethyl piperidinium salts are replaced by 

ethyl groups there is a loss in activity. As more groups ate replaced, com¬ 
pounds are produced which arc partial agonises. Ultimately antagonises are 
obtained. Measurements of the affinity constants of these latter indicate that 
replacement c: methyl by ethyl leads to increased affinity. This suggests that 
the methyl group is Important primarily for ability to activate receptors. 

I Similarly with the more potent ion, beta*pytidvlmechyl trimechylam- 
' manium, the reolacerr.enc of methvi bv echvl leads to a fall in nicotine-Like 
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activity. On the frog rectus the mechyldiethylammonium compound is a 
partial agonist and the cricthyl compound an antagonist: the replacement of 
tr.e last methyl group by ethyl increases a Rani tv whereas it destroys the abiliev 
or the compound to activate receptors at all. 

The enecc of the position of attachment of the basic g coups to the pyridine 
ring on amnicy has been assessed by studying diethyl, di-«-propyl, and some 
di-tf-bucyl, aminomethyl- and aminoechyl-pyridines. These are antagonists 
or^rtial agonists and the compounds with the highest alfuiides arc che alpha 
andjfljffigma substituted derivatives with large substituents in the amino 
grfPfrp. Barlow and Hamilton (196a) however found that che most active 
mqsrmepllke compounds ace beta substituted derivatives (like nicocine itself) 
substituents in the amino group such as crimechylammonium. 
TmraomTv of these compounds to become bound at the receptors therefore 
is S&fedsg only, or most important, property which gives them high bio¬ 
lo gic jgO&sivity. The beta pyridvl group and che small cationic group somc- 
ho^tSrffokv these molecules with.ability to activate receptors. It is hoped chat 
fu|ri|pjggj|jrk may indicace why this should be so. 


Badijgjte, R. B. and Hamilton, J, T. (*962). Br. J. Pbarmae. Chema/her., l J, } to and 34 J. 
Ba|fov«R.|3., Scotc, K. A., and Stephenson, R. P. (1963). Br.J. Pbarmae, Chemothtr., 21, 309, 

4<|$8®SS|cinc absorption and metabolism in man 

(PnDtc||pkr A. H. Beckett, Chelsea College of Science and Technology, 

D^it wom^ cr.g absorption and metabolism of nicotine in human beings are 
re ^atlveiy^ united and, using human volunteers, Professoc 3 ecketc is studying 
vapSSPSI peers of this subject. It is proposed to determine blood concencra- 
dc^&^^icodne after intravenous injection and after absorption of voiatil- 
izsdjpcoline bv mouth and lungs. A detailed examination wiil be carried 
ol ^$!§$lli| e excretion patterns of nicotine after smoking and a comparison 
made between non-smokers and chose who smoke moderately and heavily. 
In this way, it is hoped to discover if habituation to nicotine leads to any 
alcendons in the degree of its metabolism. Ocher points in these studies wiil 
tnvoive detailed comparisons of the absorption of nicotine from dude rent 
types of tobacco smoke, studies concerned with mouth absorption of nicotine, 
comparison between analytical techniques in the estimation of total nicotine 
per tobacco product, and it is hoped in time to see up computer models for 
the distribution, metabolism, excretion and re-absorption kinetics of nicotine 
in man. 

5. The erfects of nicotine-likc and muscarine-like compounds 
or. the central nervous syseem 

Or Li. .'.'a:icy. Institute of Psychiatry, University of London.) 

T::c Council has agreed to sunpocc n study in which the effect of rnuscarinc- 
likc and nicotine-like substances on the central r.crvmis svseem wiil he 
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examined using chickens as experimental animals. Thus the eri'ecc or ehc 
muscarine-like substances should be spccirically antagonized by hyoscir.-. 
whereas the nicotine-like substances should be antagonized bv ganglion block¬ 
ing agents like hexamethonium, mccamylaminc. and ncmnicinc. Studies w:h 
be carried out to determine wheei'.cr, as on ganglia, nicotine has an in:::.'., 
excitant and t.'.cn depressant activity and whether, in la cue oc repeated 
nicotine nboushes the effects of subsequent administration. 

Work is aiso proposed on the localization ot the site o:’ action o: tnese 
drugs which may act through the brain stem reticular formation. This coutd 
be vertried by showing chat the eri’ects are obtained in chickens with a tran¬ 
section Ot the brain seem at the junction ot the spinal cord and medullary 
bulb, but not with a transection of the upper mesencephalon. It the criecrs 
arc still obtained after mesencephalic transection, then they must be mediated 
through systems located either in the cerebrum oc throughout the brain. 
Dc Mar ley has already employed this type of experimental approach for 
localizing the site of action of che svmpachomimecic amines. 
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Parc VI. GENERAL MEDICAL RESEARCH 


I/bHiunoJogy and Cancer 





i^r^thymus, immunity and tumours 

^Eller, Institute of Cancer Research, London) 

years, there has been a considerable revival of interest in the 
th ljigfegA articiilarlv in its relationship to the development of immunological 
cacacityjNew knowledge of thymus physiology has been gained and has 
bt^^pgl^us closer to an understan din g of immunological deficiency and 
autojjmmine diseases. 

is a relatively large organ in the infant, reaching its maxim um 
sop^bout the time of puberty after which it regresses. In late adulc life, it is 
lltjyj||j|kjfg|e chan a vestigial structure, but in the young adult it is still of con- 

jipil^ymus forms part of the lymphoid system of the mammal. Available 
evice^^,favours the view that the thymus may be an important source of 
ly ^^^ > tes which circulate in blood and lymph and which may be distri- 
b' ^edyo ^the lymphoid organs. 

^Ttfu&gh immune processes have for long been know a to be a funcuon 
oi|&||g|gpiphoid complex, it is only recendy that direct, unequivocal evidence 
hqs Deen^obtained to demonstrate that the small lymphocyte is an immuno- 
lo|pijpip|competent cell, that is a cell which is fully qualified to initiate an 
injmupo lp gical rcacdon when given the appropriate stimulus. 

rfrfiiPmvmus, through which the competent small lymphocytes do not 
normally recirculate in adult life, docs not react to antigen by producing 
plasma cells and few, if anv, of its small lymphocytes are competent to 
initiate transplantation immune reactions when appropriately stimulated. In 
Spire of tlus inerua in taking pate in immune responses, the role of the 
thymus in the development and maintenance of an adequate pool of com¬ 
petent cells is of fundamental importance as experiments performed since 
[961 have shown. 

A group of thymcctomised mice was sacrificed betoce six weeks of age 
to examine their lymphoid dssues and blood. Ic was evident chac the popula¬ 
tion of smail lymphocyces throughout the body was severely reduced. The 
ability of rb.vmcctomiscd mice to perform immune reactions was tested and 
found to be deficient. For instance, foreign skin transplanted to such mice 
was r.ot rejected but crew luxuriant tufts of hair and was tolerated until 
death of the animal. They had an impaired capacity to produce antibodies in 
response to some antigens such as sheep red cells. 
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The earlier in life chvmcccomy was performed, the greater were the defects 
in immunological performance. It was then shown that thymectomy in the 
adult was eventually associated with defects in immune capacity when mice 
were challenged with 3 env/antigen from six to nine months after thymectomy. 
The conclusion was marie tine the thymus throughout life ensures the main¬ 
tenance of ar. .'deque:-' pool of irr.munologicaliv comoetcnc ceils and oniy 
wncrv :.'.c po<_: become* depleted as a result of the finite life span ot its ceils 
can defects Lr. immune capacity become evident in the animal thyrr.ee to mized 
in adult life. 

An injection of spleen or lymph node cells taken from adult mice of the 
same inbred strain corrected the immunological inadequacies of neonacaiiy 
thvmeciomised mice. I: was thus probable that one of the defects of neonac¬ 
aiiy ttiymec to mused mice was a reduction in the number of such cells. In race, 
when the thoracic due:? ot mice thvmeccomised at birth were cannulated, the 
cell output was o-j per cent to i pcc cent lower than that of normal control 



Implanting thymus tissue in a subcutaneous site or under the kidney 
capsuie also clft^qctcd the defeccs of thymectomised mice. This suggested 
that the thymw ^^ anc could act not only by directly providing cells to the 
host but also bsymducing the differ entiadon of host lymphoid precursor cells 



co fully compftfi 
influenced the jag; 
mechanisms. * 
Tumours \v 0 
in normal micths 


^nall lymphocytes, Ic was concluded that the thymus 
fment of the Immune system by means of some humoral 

iiced more readily in mice thvmcctomiscd at birth than 
ihcidcnce and spectrum of rumour types was increased 


and the latent period decreased in the thvenectomised mice. 


This new role of the thymus in the development of the im¬ 

mune sys tem iyyjfac&scd attention on human diseases in which immuno- 
logii^^^Snoirii^m^^^havc been associated with thymus lesions. There are 
cleat^^^nmut^^^ical deficiency syndromes in infants which can be linked 
tc# o'f t ^a^^ evelopment. In conditions believed to be autoimmune 

in nature, wh e p the b od v produces antibodies against itself, there are often 


associated thyrfts 
between thymus 
unknown. 

Mar.v rumour 


bns and, sometimes, tumours. The exact relationship 
t.action and the development of such diseases is still 



Many ramou ^sindu ced by viruses ar.d chemical agents are now known to 
have an antis^nic irMividualitv of their own, that is to have antigens 
“foreign” to tilgjlJ^jts'ent in the host. Many experiments which have been 
performed indi cate th at neonatal thymectomy renders animals more suscept¬ 
ible to cumou^^^^^ng viruses and chemicals. Since these reacdons are 
thymus-depenn be assumed that the thymus forms part of a "sur- 
veiiJance ,, system tneiunctioQ of which is co eliminate andgenically distinct 
cells before they can multiply. 

The influence of the thymus on the natural resistance to tumours has 
opened up a new chapter in cancer research. Logical development of this 
held must increase understanding not oolv of the normal funedons of the 
thymus but also of the role of immune processes in the resistance against 
( induced (and possibly spontaneous) cancer. It will certainly shed some light 
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on cr.e means by which resiscar.ee to cancer may be increased. It-may even 
pave me way :or eventual cancer prophylaxis. 

The Council contributed to the cost ot'Dc Miller's research tor a period of 
five years. 

Refir r::ts 

Miller, j. F, A. P. (1961), Lancet, 2, 74S. 

Miller, J. F. A. P. (1962). Mature, Lond., l$j, 15 iS. 

Mill^L F. A. P. (1963), Proc. R. Sec. B., l ft, 415. 

P. ([562), Ann. iV. Y, Aend. Set ., ff, J40. 

MiH^^rTA. P. O96J). Br. mtd. Bull, 21, 111. 

Miller, J. F^A. P, (1965). Ini. Arch. A/icrg/ Appl. bxmttn.. 2}. 6 1. 


sion of chemically induced tumours and immuno- 
echmisms 

ir .Alexander Haddow and Dr P. Alexander, Institute of Cancer 
ondon) 

le doubt that the immunological approach to the cancer problem 
c most logical, but it is bcscc with many difficulties. The work of 
,ster Beatty Research Institute over the past 15 years in the field of 
rci no genes is has indicated the likely importance of biochemical 
and^SunctTSnal losses and deletions, probably or* systems essential to normal 
gro^^^^^ilation in the origin of the cancer cell. If the problem is considered 
along^ h|se lines, it seems probable that the process involves antigenic dc* 
and simplification leading to a cell which is defective in the 
norf-TTcapacity to evoke recognition by host system and consequent growth 
restraint.'itous, there seemed lictle or no evidence that cancer cells can stimu- 
h.te&^n£|pgonistic response on the part of the body as a whole. 

Ip^elyfithe position has been modified slightly due, in part, to a general 
rcvis^p&^|nmunology in this field and also because of certain experimental 
obs gry'jtiQg s which suggest a re-assignment of previous ideas. 

^®?^^|indec Haddow and his colleagues have carried out experiments 
in which pact of a chemically induced tat sarcoma was removed surgically, the 
material made ir.co a fortified antigen, and rc-inicc:ed into the same animal to 
test for evidence of any reaction against the remaining primary tumour. The 
rat sarcoma system was used because it had been shown to be almost completely 
refractory to any kind of interference ?.nd did not regress spontaneously. 
These experiments were entirely negative except that, in three animals 
treated in this way, the primary sarcoma entirely disappeared. This, of course, 
is an isolated observation which has not vet been reproduced, but similar be¬ 
haviour has been recorded recently in a small proportion of rats subjected 
only :o an au cog cafe from the primary tumour. A more consistent cnect of 
aucogratcing was observed when fibro-sarcomas were induced in rats by the 
impi-t.“.ration <:f edicts of be r.z. a^pyrene and then irradiated locally with 
X-r.v. f. which resulted in delays m their growth. Enhancement of this delay 
couk: be demonstrated in about 50 per cent of the animals which received 
an ir.section i.-f autochthonous tumour material previously rendered non- 
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viable bv irradiation vitro. Sir Alexander Haddow and his co Ilea cues ore 
attempting to determine to what extent the immunocenicicy of this tumour 
material might be enhanced, whether by X-radiation, alkylation, exposure 
to specific polysaccharides, antigenic fortification, etc. 

T"C Council contributed to the cost of this research for a period or two 
years.. 

lief: r 

HaiicOu', A. Aiesandtfr, P. (1964). Lsuer:, /, 45 r. 
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Parc VII. BACKGROUND INFORMATION 
RELATING TO SMOKING 


Statistical 


cs of smoking in the U.K. 

ion of Statistics of Smoking in the United Kingdom (TRC Research 
was published in 1966. 

te smoking characteristics in the U.K., South Africa, 
alia 

s were carried our in the UK, South Africa and Australia on as 
basis as possible in order to obtain certain detailed information 
arectes smoked and the way they were smoked in these three 
\e main facts investigated were the type of cigarettes smoked 
hirer-tipped), the lengths and weights of the cigarettes smoked, 
tobacco used in the cigarettes, the lengths of butts discarded and 
cigaccctcs consumed, the length of time the cigarettes were 
dumber of puns per cigarette, and the percentages of cigarette 
inhaled moderately or deeply. The results were published in 
Paper No. j. There was found to be a remarkable, similarity 
mo king habits in the countries so far apart. 


o consumption, in various countries 

A report was published (TRC Research Paper No. 6) summarising the figures 
'■jf cigarette, ci-sar and other forms of tobacco consumocion in 1 3 countries. 


4. RcLiabilicv of statements about smoking habits 

\ report (TRC Research Pettier No. ;} hv Mr G. F. Todd and Mr J. T. Laws 
un the reliability of statements about smoking habits had been published in 
19} 8. This report summarised the results of studies of the reliability of state¬ 
ments about current and past smoking habits that had been carried out in 
:95a u.-.b :95 —. A further study was carried out in 1964 in oeder to obtain 
ir.rorm..-.::-jn about the errors made in recalling past smoking habits over an 
average period of u years. The resuits were published in a supplementary 
repot: y; Mr G, F. Todd (TRC Research Paper No. a A). 

90 
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Section 2. C he mica l 


.i Bibliography of tobacco smoke constituents \ 

An annotated bibi'.ocraohv or tobacco smoke constituents (TRC R esssrtn f 

^ No. was D'-b Lis lied in *.959. The isc supplement to the biohograpny 

was published in 1960; a second supplement, edited by Mr E. G. N. Berry, 

was published in tySy, and a third supplement is being prepares. _ 
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PUBLISHED PAPERS 


Papers by the Scientific Staff of Tobacco Research Council 
LapJ|j^ries 

Effects of nicotine and tobacco smoke on blood pressure and 
catecholamines from the adrenal gland, hr. J. Pbarmat. Chemeiber2;, j t j. 

K., Milton, A. S., and Morrison, C. F. (1965). Effects of nicotine and some 
nicpct ngjjB ke compounds injected into the cerebral ventricles of the cat. J. Physio!., iSs, 


K., Hall, G. H., Milton, A. S., and Morrison, C. F. (1966). Effects of 
ryco tine in jeered into and perfused through the cerebral ventricles of the cat. Pre- 
ipw^ihc New York Academy of Sciences Conference on “The effects of nicotine 
apd sprang on the central nervous system", April, 1966. 

Arofi^gc, jv. K., Milton, A. S., and Morrison, C. F. (1966). Effects of nicotine and some 
njeomc'likc compounds injected into the cerebral ventricles of the eat. Br. /. Pbcr/nac, 

Dayij. 1967). Carcinogenic action of cigarette smoke condensate on mouse skin. 

B*S|”FvSBHvr I 1 (In the press). 

Hall. G jjjpcP. ar.d Reic, E. (196}}. Analysis of some actions of nicotine injected into the 
c^^aal^n tricks of the cat .J. Physiol., j Sr, 29 P. 

Halip®f 1 W?*ttnd Rcir, E. (1966). Analysis of some central actions of nicotine injected into 
ci gc ccrcb& l ventricles of the ear. J. Physio!., rSf, 400. 

MiltenTA; S. (1566). xhc effects of nicotine on blood glucose levels and plasma non- 
c jtoga S M ^^ fatcy acid levels in the intact and adrcnalectomized eat. Br. J. Pharmac. 
OhemqlhrA, 26, 2 } 6 . 

F. and Armtuge, A. K. (tp66). Effects of nicotine on the frec-opcranr 
behaviour of rats and spontaneous motor activity of mice. Presented at New York 
Academy of Sciences Conference on "The effects of nicotine and smoking on the central 
nervous system", April, 1966. 


Tobacco Research Council Research Papers 

No. t. S .'a sis ties oj Smoking in the United Kingdom. Edited by G. F. Todd. 4th edition, 19 66. 

No. 21 Tie Reliability of Statements about Smoking Habits. G. F. Todd and J. T. Laws, and 
edition, 19J9, No. ja Supplementary Rcporr. G. F. Todd, lyCC. 

No. J. The Constituents of Tobacco Smoke: An annotated Bibliography. Edited by H. R. Bentley 
anc E. G. N. Berry, r959. ist Supplement, 1960. and Supplement, 196). 

No. 4. Cigarette Smoke Cor.dematt: Preparation end Routine Laboratory Estimation. K. R. 
Bcrricyand l.G.Burgan- and edition, tytjx. 

No. 5. Cigarette Smoking Characteristics in the U.K., South Africa ar.d Australia. Edited by 
G. F. Todd, 1965. 
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N'o. 6. Tobacco Consumption in Various Countries. Edited by G. F. Todd, 1963. 
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It has beefi known for some vears that when eiuantte smoke is condensed and 


the condensa 
which when 
tumours (lite 
efforts which 
of cigarette 
cigarette smo 
for epithelial 
condensate p 
smo kft j aBb ndei 
like||gig| be 
basilnniPthe.s 
tlMW^etioj 
the condensa 
to take. 

However, 
little account 
genicity of 
Further. the 
of drying, iny 
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compounds, o 
carcinogens w 
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Graham and 



quently dried and stored it limns a " tar ’’-like substance 
n the backs of certain strains of mice gives rise to epithelial 
eviewed l>y Wynder nurl Hoffmann. I!n»4). Among all the 
eu made in recent years to study the rsireiuoyeuic properties 
xperimentally. this still remains the salient phenomenon: 
nsate undoubtedly has the property of a complete carcinogen 
f laboratory animals. The fact that drierl ciirarette smoke 
this property has led to r hi* I relief rhat the agents in cigarette 
inert pally responsible for its mouse skin carcinogenicity arc 
n-volatile com pounds. This belief in turn has formed the 
fj^stipn by sunu* workers (notably Wynder and Hoffmann (liaU)) 
nl cigarette smoke coiuleii.-ari- mifl reduction of agents in 
nsible for mouse skin carcinogeiticirv miirht lie useful steps 



ic end of 1 ‘.Mill when work was started at these la burn furies, 
■n taken of the possible eontriburiou to mouse skin tumori- 
mi-volatile components of cigarette smoke condensate, 
y bad not yet been cxuuiim-d that the processes, particularly 

i preparing smoke condensate for skin application, might 
fcd its tumorigenieity through the destruction of unstable 
atively increased this tumorigenieity by the production of 
w&e not present in freshly prepared condensate. The effect of 
months instead of 1 month had been studied (Wynder, 
Cronirfger 1!W35). but no work bad previously been reported on 
“ tar ” less than 1 month old. Neither had ail attempt been made by large scale 
bioassay techniques to identify the important classes of tunmrigenie compounds 
in cigarette smoke. In other words it was not known with reasonable certainty, 
when the work described in this report was started, whether stable non-volatile 
constituents of cigarette smoke condensate were important or trivial contributors 
to its mouse skin tumorigenieity. The general aim of the work to be described 
was to investigate this question on a scale sufficient to give reliable answers and to 
investigate further the suggestion (Wynder and Hoffmann. Day, hull) that 
polycyclic aromatic hydrocarbons, or some other neutral constituents, might 
account for much of the tumorigonie activitv of cigarette smoke condensate. 
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It is <if>vi(*iis that the mouse skin [minting test is unsuitable fur detecting the 
efforts * it constituents with very Imv boiling points. These are difficult to isolate 
am! keep itt solution in the usual organic solvents at room temperature: it is 
impossible to trenr mice with very i-olil materials and in any ease the natural body 
heat of tin* animals would lead to rapid loss of material with a very low boiling 
point, probably before the skin could absorb it. However, it is possible to com¬ 
pare a condensate containing semi-volatile substances, such as are retained in a 
low builine solvent, with one from which these substances have been evaporated. 
Accordingly if was decided to compare the mouse skin tuniorigcnieity of acetone 
solutions of: 

( 1 ) Whole cigarette smoke condensate, applied as quickly as possible after 
collection while using standard collection traps, hereafter referred to as 

(-) Wli^^^^rettc smoke condensate which had been evaporated to constant 
weight and stored for at least one month before application, hereafter 
rrliffw&Ltit as " stored condensate 

(t>] fraction from whole smoke condensate, after storage for at 

li*astoiicnit»ntli. 


14 ) Vnp 

Kxpcr^ 
uf umuiiuFs. 


with a i h-irj: 


H^animals aiul animals treated with acetone only, kept as controls. 

arfagjW previous workers in this tidcl had used relatively small numbers 
foflmr statistical analysis of the results had shown significant 
jflggi'or large effects. It was further recognised that the yields of 
n tIn• condensate tivarments might he low and that the differences 
recatmcnts might hr'small. Accordingly, the present experiment was 
l^^|ali' considerably larger than had previously been attempted, and 
• i ■[ jrtfntimi tn detail not before attained, in order to be able to make 
hi native eoinparisons acceptably prerise. 


L. f . \1 ATKK1AI.S AN’H MKTH-'liS 

/■..</n /'it i" Uhl I 

A rnn^ii# response of about of animals developing tumours Was 

vxjiccted at the b iuhest practicable dose. The experiment was therefore planned 
to euabUp^^^rence between ttn% tumour rate and 20% tumour rate to be 
detected at-tlic-.p = n-o-J significance level in four tests out of five. To give some 
estimate PSf^rfll'^nse-response relationship and to guard against the possibility of 
rhoosinu the w run it. dose. it was planned to divide those animals treated with 
condensates equally between three dose levels with dose ratios 1:2:4. A total 
of about miihi inh-i* was needed in order to achieve these aims. 

Kadi of the four treatments was divided into three sections. Mice in each of 
the three sections of the condensate treatments received different doses: mice in 
one section of the control treatment were treated with acetone alone, mice in the 
remaining two sect inns were untreated. The experiment was housed in four 
animal rooms, u^-ing mice supplied at different times: each section was equally 
represented in each room and in every row of animal boxes in each room. The 
difference between animal rooms proved to be important, so for most purposes the 
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experiment could 1 m- regarded ;is 4n groups t»f 1 ii."i mice each :iml finir gr»nips nf 
urtn mice. 




-Vice 

The mice won* virgin frmules of a speeiKe pathogen-free. ull>in«> strain supplied 
by Dr. W.G.Davey of the Pharmaceuticals Division. Imperial (’hemiiul Industries 
Ltd. This strain, as the present paper shows, combined resistance to nicotine 
with sensitivity to skin carcinogens. Male mice were not used, being more 
pugnacious and so liable to skin damage. The mice. 4-ii weeks old on receipt, 
were transferred to sterile boxes and allowed to acclimatise for one tnunth before 
skin applications were made. Four groups of 2100 animals, received at intervals 
of three months, were used. Of each group, a total of 10.su were used for treat¬ 
ment. 100 fdr 
the remain 
instance bei 
replaced aft 
the animals 

Each gro 
at 20-2 I s C. 
order to limi; 
epidemic dis 
rooms altho 

Mice ver 
bojpffisK sterii 

wcEjDnn 

Ox ^^^ reed 

clipped. Se 
was used as 




atiou tests with standard carcinogens as described below, and 
placement of any animals found to be unsuitable: as for 
.uly small or having been, injured in transit. Mice were not 
rentment had commenced, and treatment was continued until 
had to be removed due to illness. 

iC'O mice was housed in a separate air-conditioned mom. kept 
n being to separate the experiment into four equal units in 
iread of any adventitious infective disease. In the event, no 
urred and the death rates of the colonies in raeh of the four 
identical were similar. 

tied by ear punching and kept on sterile sawdust, three in a 
vanised iron boxes, being transferred to clean boxes twice a 
ter in sterile bottles and heat sterilised (:ju min. at t\) 
pellets were provided ad libitum. 
vide from nape of neck to base of tail of each mouse was kept 
(generally regarded ns nniw-arcioogenic and non-promoting) 
ubrieant. 


Dosing procet 

A prelimi^*ay"tpxicitv test of nicotine-containing condensate was undertaken 
in order to afeertaii| the highest practicable close-level for long-term application. 
Dosing by tl^^^^ard procedure described below was continued for six weeks: 
acute toxicityywas.estimated by observing whether the animals were III immediately 
after dosing.PII|l^|hronic toxicity by observing whether the animals gained 
weight. They^jd&a indicated that a top level equivalent to mo mg. non-volatile 
whole smokeFx^maflisate (as defined below) per application was suitable, after 
habituation, for long-term treatment with acceptably low mortality. Acetone 
solutions of test materials, prepared as described later, were therefore applied at 
dose levels equivalent to lbib 5b and 25 mg. of non-volatile whole smoke conden¬ 
sate per application, the highest dose level being commenced only after habituation 
for one month at 75 mg. dose per treatment. 

Skin applications were made three times a week, with a foot-controlled 
automatic pipette, delivering for all treatments a standard volume of <>•:) ml. 
through silicone rubber tubing: pipettes were checked and re-calibrated if necessary 
daily. The standard volume of fluid was applied evenly on the clipped area. 

The reaction to skin caretnogenesis of a sample from every hatch of mice’ 
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rlUAKKVrK SMI IKK i/i INDEX KATE ;>fl 

rn-i-ivril at r lire---monthly intervals was checked by treatment with acetone 
solutions p'-l",, w vj of \ .2..'>.»5-dibenzanthracene and 4 . 4 -bciizpi) pyrene. u-ol!) ml. 
of solution being applied three times per week. Applications to one'hnlf.of each 
-•ample of mire was stopped after In weeks, treatment of the remainder con* 
inning for weeks. All these animals developed tumours in a few months, no 


tmumg: .. . _ _._., .. ... 

irn’ut cliffW’i'W’rs being observed between the batches. 


f , llt}l"l>HJIi 'll 

A full pos 
skin rumour: 
showing a bn 
tlie same p 
and their n 
occurring in 
were recordi 
fmm all 

mifi* is irivt-i 


All 7 


l+ttth ‘tnA dintjiuifihi nf (icmtiur.-i 

t mortem examination was performed on each mouse, whether bearing 
or nor. mid a suitable sized piece of tissue was taken from any organ 
Slides and post mortem descriptions were interpreted by 
throughout. All tumours were examined histologically 
recorded, a clear distinction being made between tumours 
rented area of tin* skin and elsewhere. A total of 45 animals 
ring from nicotine poisoning: their records were eliminated 
ummurv nf the pathnlngv recorded at death for the remaining 

u- r. 


T.UU.k I.— Ptiflmltyji/ K+cnrrhrtl til l)+ti!h 
it th<- i-.Np'-riiiwnt (4 l!isn less 45 deaths due to poisoning) 
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Apart iVmn skin sepsis, which was more common in the high dose groups, the 
pathology was not particularly related to treatment anti the incidence of tumours, 
uther than rlmsc of the painted area, did not vary significantly with dose or 
treatment. Any animal considered at any time hv the animal superintendent to 
he irrecoverably ill was killed, as were mice which escaped from their boxes. 

For cancers of the skin in the treated area, particular attention was paid to 
making the diagnosis of malignancy independent of subjective factors. The strict 
criterion of malizuuiic-y adopter! was penetration by the epidermal tumour be¬ 
tween the muscle fibres of the pannieulus carnosus (" muscle-infiltrating carci¬ 
noma “) as shown in Fig. 1. Tumours which had the subjective appearance nf 
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infiltrating cancel- l>ut which did not fulfil this strict criterion of iiiilmIi' pciii-trn* 
tii>n were separately classified (" carcinoma not infiltrating muscle *")- Thermv 
occurrence of a subcutaneous sarcoma or hnemangit-ndothcliimui in the treated 
area was also noted. 

The date of first appearance of a papilloma was noted on a record card, kept fur 
each animal 11 trough out the experiment. Tumour-bearing animals were normally 
killed when the tumour appeared to have become malignant, as judged by the 
pathologist pinching up the skin and assessing the degree of infiltration on its 
under surface. The date of death was then recurded as the date of appearance of 
a carcinoma, if one was found by histology. 

Cigarettes 3 v y 

Plain cigat£f^s(1ength 70 mm., circumference 2.1-3 mm., average weight 
l-I25g.) were specially manufactured from a composite blend of Hue-cured 
tobacco repre#rttjpgjthe major plain cigarette brands smoked in the United 
Kingdom, pacragj||$Slbatches of 50 in vacuum-scaled tins and stored at 4 (’. 
before use. J 


Smoking 

The automatic 
cigarettes, secip^ 
of the^|| 

average cigare||g$g 


g * okiugr machine used operates by cun Meeting each of 24 
olders situated round a revolving disc, in turn to a source 
?d end of each cigarette being open to atmosphere between 
ttes were lighted by an electrically heated coil. When 

S id reached an estimated butt length of 20 mm., the butts 
need with fresh cigarettes. 

constants were chosen to simulate the manner used by fin¬ 
er in the United Kingdom (Bentley and Burgan. Ihfil): 

jjf pf rnlnmr 25 ml.: Puff duration. 2 seconds: 

Ttnjintervnl. I minute: Butt length. 2<> mm. 


Whole smoke c&vstensiHf! (IJViY') 

Cigarette s i |wrib tMgfl iKis collected in four glass traps connected in series (Fig. 3). 
cooled in aceton e/cru^ hed solid carbon dioxide. Traps 3 and 4 each contained 
glass helices diam. single turn). On completion of smoking, traps 

were allowed t oag tam room temperature, condensed smoke was washed from the 
traps and con|iplif§§ tubes with acetone (about flOO ml.), the washings filtered 
through glass wool and an aliquot of the combined filtrate taken to check non* 
volatile whole smoke yield by determination of nicotine. The average yield of 
nicotine was 1-61 mg..‘cigarette. range 1 - 30 - 1 -Ai mg./cigarette. 


KX PI. AX AT 11 )X (IK PLAT KS 

Fie. la.—Malignant infill rat i*m uf thr sulx-ittanrmi* 1>y ••|iiili>rtnnl cutircr ci-IU. I mi 

thes« Have not yet jK'netratrd the musel**. H. anil E. xS". 

Frc. Ib.—Epidermal I’xncrr cells which hnve infiltrated h«iwn the film's «il" the |uinnienl»i» 
earnoaui nilMele. This is the usual erileritm f,«r the iliH^mnis <if ■uali^niiurV. H rtiul K. 
x 190. 

Bfi. 2.—Sniiikmi; unu-hni--. 
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1-IfiARETTE SMOKE CONDENSATE 


61 



,/, jit/jMj/v r>-ifh a.--aft (.v i' i r.vc) 

Si»Ivr^gplpift-. ri-niiiviil ti'nill till* acetone .’solutiiill of \VSC ill a weighed Jliisk. 
ll 'i I, .r apw*«w| evaporator mi a Imiling water bath with a water suction pump 
■»[HT»itiv; 11 • iunn iif 1>» inches of mercury: evaporation was continued until 
T ^ 1 *' M<11 i'v*idue attained vonstanr weight. The average yield was 21-5 

,ll c* of t7*7-24-s mg./eigarettc. All doses of all materials applied 

tu annuals were expressed in terms of the weight of XVWSC' determined in this 


mu. cigngc of t7*7-24*s mg./cigarette. All doses of all materials applied 
tu nnmiubswcijp expressed in terms of the weight of XVWSC determined in this 
way. oappfflP|* id un t dose, irrespective of weight, being delivered in the standard 
volume of solution. The average yield of XVWSC over a four-week 

period to compute the number of cigarettes to be smoked for both 24* 

hour condensate solutions and fur the stored condensate and neutral fraction 


re(|nired during th<* subsequent fum-week period. 


■ s '/0/'*-r/ ft i ft tit 

X\ U SI' ci.illccteil over four weeks was combined, stored at —20’C. for »v 
Iiirther four weeks, dissolved with constant stirring in acetone/water (0 : 1 v/v) 
and the solution diluted to the appropriate vuluine with the same solvent. 


24 'liiiiii' f*i tult H'ftlti 

I lie acetone solution of W'.^C from the calculated number of cigarettes was 
>ampled for nicotine content to check the actual U\SC yield and concentrated in a 
rotary evaporator (water bath temperature 40 (*. and the full vacuum of a water 
suction pump), until it reached the concentration required for application at the 
highest dose rate. Aliquots of the concentrate were then taken for dilution with 
acetone/water (it : l v/v) to provide solutions for the two lower dose level?. 
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Fic, 31;.—Dtlnil* yfTni|i. 

Xeulral fraction 

Redistilled peroxide-free Reagent Grade diethyl ether was treated with sodium 
to remove fluorescent material The smoke condensate from a known number of 
cigarettes {about 2000) was washed from the traps into a separating funnel with 
ether (11.) and hydrochloric acid (“ Analar ” 2 y, 900 ml.), the mixture was 
shaken, allowed to separate and the aqueous layer drawn off into a second separat¬ 
ing funnel. After further extractions with hvdrochlnric acid (2 '■ 200 ml.. 
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the ■ -••mbmcd acid extracts were washed with ether (2 IUU ml.), 
and the ether washing* returnctl to the ether solution left in the first separating 
funnel. The combined ether solution was then vigorously shaken with potassium 
hydroxide solution i **w. v. 2un ml.), allowed to stand for li hours, the aqueous 
layer drawn off and further extractions carried out with potassium hydroxide 
solution (l • 2i«»ml.. U?iJml.): little emulsification occurred after the first 
rxtruction aiul the two layers separated without difficulty. The final ether 
solution was dried (anhydrous magnesium sulphate), filtered and the solvent 
removed in a rotary evaporator (water bath at 4U ; (’. and a water suction pump) 
The average yield of neutral fraction was 6-68 mg./cigarette, range of 
.yen 1—7*88 mg..cigarette; the condensate yield of each batch was checked by 
estimating the nicotine content of a suitable aliquot of the combined acid extracts. 
Batches of n|*mral fraction produced in a four-week period were combined and the 
con'espondtiigJp^i'SC equivalent calculated from the total number of cigarettes 
smoked and pile average yield of NVWSC obtained for stored smoke condensate 
over that period c*£ four weeks. For dosing, the combined neutral fraction was 
dissolved in |i e&fint water (!) : I v. v). 
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h| was measured on aliquots of the condensate obtained from 
uok'mg. to check on smoking i>erformance and extraction 
ethod of Willits. fjwuin and Connelly (U'oO). as modified by 
1 ( I'.i’.X). 
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I * ISf-L’SSK’X IIFKKSL*L rs 

.or all animals the percentage rates (inn , s No. afFected/Initiat 
ineidenee of three classes of tumours at four times during the 
llowance has been made in these results for differences in 
i*n ‘ treatments. and it can he seen that there arc quite large 
ity from one treatment to another. To give a fair comparison 
^dependent of their toxicity, some form of age standardisation 
lit- assumption (which seems unavoidable in experiments of this 
type) that animals Vhieh develop tumours would not. in the absence of treatment, 
have lived died sooner than the other*. The age standardised results, 

calculated ii| the way described in the Appendix are shown in Table HI. 

In order |liilp81i|m the objectives outlined earlier, it was necessary to discover 
if the data \y qu |d aermit a valid comparison to be made of the tumorlgenicities of 
the three nipwPlil under test. It was not the intention in planning the experi¬ 
ment to investigate the mechanisms of carcinogenesis, for example the relative 
contributions in each material from tumour Initiators and tumour promoters, 
hut unless the three materials act in broadly similar ways there can be no valid 
has is for comparing their relative tumorigenicities. Graphical representation of 
the data, exemplified by Fig. 4. 3 and B. in which no account is taken of the 
statistical confidence limits of the points, suggested an anomaly in that at the low 
and medium dose levels stored condensate and neutral fraction appeared to have 
similar activities, each different from 24-hour condensate, whereas at the high 
dose level stored condensate ami 24-hour condensate appeared to have similar 
activities, each different From neutral fraction. The statistical analvsis. which is 
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described in showed that the response curves for every group of 

animals coultls^^jted by a lognormal distribution over time of the tumorigenic 
force, which pcpfnled as the number of new tumour-bearing animals found in a 
short period the number of tumourless animals alive in the group at the 

start of the penoa/ 5 This distribution has three parameters, its standard devia¬ 
tion. which was found to be unaffected by treatment or dose, the proportion of 
animals which would never develop tumours however long they lived- and the mean 
of the distribution, which measures the average time from the start of treatment to 
tlu* appearance of a tumour (the mean tumour-induction time). These last two 
parameters were found to he highly correlated, long tumour-induction times 
appearing with large proportion never developing tumours, so that either can be 
used as a measure of response to the treatment. With the three condensates 
used in this experiment the mean tumour-induction time falls by about 25% when 
the dose is doubled, over the range of doses used, and this relationship can be used 
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Table IV shows the relative tumorigenicities calculated from the mean tumour- 
induction times and the proportion never developing tumours, and also the values 
calculated from the standardised rates. These latter values are more complicated 
because they contain the statistically significant anomaly in the stored condensate 
results (described fully in the Appendix) which was not apparent in the mean 
tumour-induction times. 

The first important feature of this table is the uncertainty in the relative 
tumorigenicity even working with a total of 8000 mice. For example, the ratio 
for 24-hour condensate and neutral fraction at the 95% confidence limit, lies 
somewhere between 1*5 and 2T. This illustrates strikingly how difficult quanti- 
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k,„—~_~J 24 Hour Condensate- 

tfitivc this field and it may be noted that had the experiment been 

earned ouf on only about 1/12 of this scale with 50 animals on each dose level, or 
linn in the whole experiment, then the rates of tumorigenicity for 24-hour con¬ 
densate and neutral fraction would have had confidence limits of at least 10 to 
:!*u at the '.'y",, level. 

Within the limits used the tumorigenicity of each material increased linearly 
with the log dose so tlmt even at the highest dose used there was no evidence that 
the point of saturation of the tumorigenic action was near. IXot unexpectedly, 
the mean tumour-induct ion times for carcinomas and non-infiltrating carcinomas 
were longer than those for all tumours but it is of considerable interest that the 
relative t it mo riireni cities of 24-hour condensate, stored condensate and neutral 
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be in the same ratio using in turn each of these three rumour 
from Table V. This suggests that the three condensate* act 
\yny on the test animal and that the relative tumurigenicities 
In refer to intrinsic properties of these condensates. 
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As stated c^riier."-^ had often been surmised that nun-vnl»tile neutral com¬ 
ponents of cigaret te sp oke are responsible for the tumorigenieiry of the smoke 
the present experiments it eould only be considered as an 
jesults, using !>5% one tail confidence limits, suggest that 
mponents account for something more than f>b° r) of the 
ur cigarette smoke condensate, and Si>° 0 of that of stored 
sate as defined in this report. It then follows that the 
compounds responsible for this effect are stable after collection for several weeks 
and are not affected by moderate heat treatment and chemical manipulation. It 
is unlikely that they are produced as artifacts in the process of making stored 
condensate. 

The results certainly suggest that d4-hour condensate is more tumorigenie than 
tored condensate. While neither material contains what is usually termed the 
□latile fraction, there must be substances in 24-hour condensate winch are lost ur 
modified when evaporation is carried out to dryness: chemical analyses of these 
condensates are however not informative because at tin’s stage we do not know tn 
which of the large number of constituents attention should be directed. The 
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re.-ult- provide no to decide whether any part of tin* activity of 24-lumr 

rundi-iisnii' i~ dm* in it-. pmcessiug nr storage. 

(n [inii'ii«-al tcrm>. an important feature »if these results seems to be that in 
relation m i;.»skin they shear that their are stable non-volatile neutral carci¬ 
nogens in cigarette >mi.»kc condensate which arc worth serious attention and which 
in particular merit investigation bv rletailerl fractionation. 


sc'MMAR V 

Tin* mu in-,-skin eareiiioni’iiieity of freshly prepared cigarette smoke condensate 
was cmupureil at equivalent dose rates "with that of a condensate which had been 
evaporated to constant weight on a boiling water bath and subsequently kept for 
several weeks, and with that of a neutral fraction of the condensate. The carci¬ 
nogenicity in Terms of several different response measures was linearly related to 
the logarithnifo C the dose, and the response to the three different materials was 
gUPfreslily prepared condensate being more active than the other 
isvd. 

irnv^ic evidence that non-volatile neutral components of cigarette 
israntially to the mouse skin carcinogenicity of whole 24-hour 
^condensate. as dctilled in this report and. for the first time, 
responsible t*«*r this effect are stable from 24 hours after 
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n|l weeks, and that these compounds were not produced as 
-sing leading to stored condensate. The substances respon- 
lal enn-inogenieitv of 24-hour old condensate have not been 
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much m Mr. who was responsible For the preparation of the condensates, 

tn Mr. I). V. n^ Thu ro wgi ><I who was responsible for tlic animal husbandry, and 
tn those nutui&smfy Technicians whose efforts have made this work possible. 




A ITEM)IX 

Statistical Consideration:? 

W. *. PAIGE 

Several are described in the literature for the analysis of mouse 

tumour experiments. The earliest is due to Twort and Twort (1933) who used 
three methods. The first two depend upon comparisons of cumulative percentages 
of tumours with a standard curve, and the third estimates the time at which 2-5 ° Q 
of the animal.- would have developed turnouts, in the absence of mortality, using a 
crude approximation to the tumour expectation of animals which died during the 
experiment. Irwin and Goodman (L94(>) compared these measures with the 
standard actuarial calculations, which were also used by Palmes. Orris and Xelson 
(1962) and 'Bland ing nl. (l*.);>I) and recommended the use of expectation of 
tumour [css life, when there is no mortality, as the most clearly interpretable 
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measure. In our terms this is the mean rumour imitation time. They t-unsidcred 
that the date at which a particular tumour rate was reac hed was nut in general a 
useful measure of response. 

Bryan and ?>himkm (15141) described the application of standard binassny 
techniques to this problem, but they were concerned mainly with potent carci¬ 
nogens and did not use efficient techniques for comparison in the presence of 
natural mortality. They also gave analyses of tumour-induction times (under the 
name * T latent period “) showing that in some eases they were independent of dose. 
They advocated the use of the KD5U. the dose which produced oij",, response, for 
the comparison of different treatments: and suggested that the mean tumour 
induction time for this dose was a useful parameter. Their formula for the time 
at which az| experiment could be safely terminated shows the necessity of con¬ 
tinuing expeHmeags with weak carcinogens until all the animals are dead. Lea 
(1945) critichaji^fcllis paper by Brvnn and Shimkin for its lack of emphasis on 
techniques for eliminating differences in mortality. He suggested, for experiments 
with contingfrd ort persistent treatments, a maximum likelihood procedure for 
estimating aJUgm oirnmi distribution over time of the tunmrigenic force, which 
made full fl$¥cm1nfle for mortality. This method, however, suffered from the 
disadvaiUag|g|hy|pt assumed that all animals would develop tumours if they lived 
indefinitely.fir nPrm does not seem to be justified with control groups or weak 
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Lyhol) described a technique in which an effective tumour rate* is 
Stability paper to estimate the time at which the rate will be 511%, 
g&d the number of animals which have borne tumours divided by 
aBer less deaths without tumours. This rate is neither an un- 
sr a standardised rate, and it is difficult to use in any theoretical 
&»g£*idence. They also recommend the use of a tumour potency 
jm| time-to-5»%-rate. but this does not seem nearly as suitable 
S^iivalent dose considered below for use with large experiments 

» ns. since it depends on the stability of the animal popularinu 
nee depends upon the mean. 

Wynder and Hoffmann. lU.V.t) and other workers have 

S imours or the number of tumour-bearing animals at a parti- 
rc treatments: but this method is open to objections, as 
e different treatments have different mortality rates. How- 
g&Lywas used as the starting point in an attempt to develop an 



ANALYSIS Of RATES 

A number of different analyses have been done on our data, but they fall into 
two main types: the first deals with " tumour rates defined as the number oF 
tumour-bearing animals observed to date in a group divided by the number of 
animals in the group at the start of treatment. This is a cumulative measure 
which smooths out statistical fluctuations, but causes difficulties when independent 
statistical testa are needed for results at different stages of the experiment. The 
second group of analyses deals with the “ tumorigeuic force " defined as the number 
of new tumour-bearing animals observed in a group during a short time interval 
divided by the number of tumourlcss .animals alive in the group at the start of that 
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interval. liu* [ib>frviirions for different intervals art* here uncorrelated, but 
^uR«*r 1mm hirtrt- statistical Huctuutiuns. 

Hie simplest analysis which can be done is a comparison of the tumour rates 
at a given time for groups of animals under different treatments. In the case of 
toxic treatments (and 24-hour smoke condensate is somewhat toxic in the doses 
used in this experiment, since the mortality from all causes is higher under this 
treatment I there are two courses open. Firstly, the number of tumours which was 
actually observed enn be used as it stands. If this is done a treatment which is 
toxic but has the same capacity for producing tumours as a non-toxic treatment 
will show a smaller number of tumours than the non-toxic treatment because the 
number of animals at risk at any time will be smaller if some have been poisoned. 
Alternative! it can be assumed that the poisoned animals were a random sample 
of the whole/ ^|||| n some form of correction can be applied for the varying 
mortalities t^Prestandardised numbers of tumours and an analysis can be done 
of the rcspoige exduding the toxic effect. In order to do age standardisation by 
any teeliniipec ifcj*ul-cessa rv to assume that the expectation of life for those animals 



which develd 


lure would, in the absence of treatment, be the same as that of 



the remainder of tjjie group. This assumption is basic also in the analysis of 
tumorigenic JSf&g^Piuce the denominator* in all the fractions, for different treat¬ 
ments and f dfedilifc^ nt times, must be comparable. 

Detailed of tumour rates and death rates were carried out at 24-week 

intervals iro^p^^cks to Ids weeks from the start of treatment. Table II above 
shows, for airfo|ir moms taken together, the average mi-standardised rates at the 
1 (1 m&aBglkcternd Fig. 4 shows the results for 12$ weeks graphically. Table 
HUM corres[loading age standardised rates. The age standardisa- 

ti cggf d tl#mvcj method (Yule. l‘.i:54). taking ns its standard population the 
ml^n^iiirtafiMWK’c for all animals in tlie experiment, which reduces the correc¬ 
tions needviLjlmi a l ro the minimum possible. For each week in turn the age- 
specific rate of animals was applied to the proportion surviving of the 

standard pupuj^ban and these results were accumulated to give a standardised 
rate up n> a g pPfTTa ee for that group. To show the magnitude of these corrections 
the stam 1 ar diseu i Toa11 i rates are also shown. In a group with greater than 
avernire im»i€uTity , 'Wio standardised mortality will of course exceed 1 towards the 
end of tiie e.N 3jjgrjmai it. It was hoped originally to calculate mean tumour-induction 
period by tlP^Wurial method (Irwin and Goodman. 1046; Blanding el al., 1051) 
but the obs feraw^f ntes were all well below 50% so the extrapolation involved 
made the refutt! unreliable. 

A prelimp^^^^nilysis of deaths showed that as well as differences between the 
treatments there were several anomalies in the mortality curves for different 
animal moms. This is shown in Table VI. which records the cumulative numbers 
of deaths. The most significant feature is the excess of deaths in Boom 2 about 
week To. This was due to animals being killed in Boom 2 at that time on account 
"f a number nf different types of pathology, following n change in the standard 
id' illness applied as a criterion for removal of animals. Similar but much smaller 
anomalies were found in other rooms at other stages in the experiment but no 
significant anomalies were found between groups of mice in a room. It was 
therefore necessary to keep the four animal rooms separate throughout the analysis 
(though the tables presented here give results for all four rooms together for 
hrevitv). 
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•Since there are anomalies in rates between the animat rooms, and because the 
correct ions involved in standardising were quite large (as inspection of Table III 
shows) significance tests between treatments bused upon binomial distribution 
theory, including the y- test, arc invalid. Analysis of variance, however, docs not 
depend upon the exact fit of the data to particular distributions, and is robust- 
under deviation from distribution assumptions, so it can validly be applied to 
either the staniSftfijMsed or the unstandnrdised data. 
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A.VAr.VSU? Of VARIANCE 

iihaA^^sjx?ctioii showed that the control groups, having few or no 
vfFmmwnt variations between rooms from the treated groups. The 
rn&hu^o^vns therefore split into two parts: 

of control (untreated ami acetone treated ) • 4 rooms, 
u $reatm*nts -.4 rooms. The 1* treatments wore further divided into 
•3 ippppfif condensate • 3 doses, the dose relationship being expressed 
and quadra] ie terms. The between-rooms term, with 3 
deUrcif^tf freedom, was subtracted from the residual as a *’ block 


*is of variance is shown in Table Vlf. 
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Analysis of variance cannot be done directly on the rates, since their variance 
depends upon the mean: the results must be transformed. The usual rratisforma- 
g|ion for rates (Bartlett. 1U47) is the inverse stne of the square root of the rate; bur 
since ratios were required an analysis of the log rates was also done. The square 
root transformation appropriate for Poisson data was tried on some sets of results 
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uirh no rate.- ib,*ve I" "... These analyses showed little difference from the* inverse 
sii»* results a:: 1 1 were used only to ei infirm the findings. 

'Hie most ?*rriUiiur feature i*f Table \’II is the extreme linearity of the close 
effect. Ia 24 analyses (4 times ■ :* tumours - standardised or not) only four 
quadratic terms (for all tumours, nil and l<.»4 weeks) were significant -at the 
p = u-nij level. 

The other features of the analysis are shown host by the tabic of means, and 
that corresponding to Table VII is shown in Table VIII. As would be expected 
from Table VT. tin* difference between ruoms is ’attributable to Room 2. 


Table VIII .—31 tun* from Analyst* of Variance .S'/a -1 (AQRT (i?)} 
R — standardised rate, all tumours li>4 weeks 
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(/ s' it.-iioies ••■tnliili-ni''- limits at !I3 W 1 , level. 

oi I.Jri.'C ami Condensate is seen to be mainly due to the high 
Ifird condensate. The two lower doses show responses very 
faction, while the high dust* response is considerably higher 
frfractiou. Tins pattern is visible in all the analyses. It lias 
c*d; condensate anomaly. 

^ponding effect, in the opposite sense, in 24-hour condensate. 


where the top dose response is markedly low. This is not significant in many uf 
the staudardjs^^^K\ sos. but it is very significant in the unstandardised tables. 
It is thought that tjqsas due to the toxic effect of large doses of 24-hour condensate. 

Tabic IX these effects in a number of analyses of variance in 

columns trivin p effect, expressed ns the increase in response for doubled 
dose, the diffwflmcffibctween condensates, the difference between treated and 
control and the stored condensate anomaly expressed as difference observed— 
expected on linear increase. A few values are given for the log analysis, but this 
was little use fur the carcinoma results sim-e it is unsatisfactory with counts below 
about *> individuals. 

The treat difficulty with the results in Table IX is to find some way of com¬ 
muning data for different times. It was clear from these results, however, that the 
lresponse differences, on all the scales tried, varied with time, and it would be 
necessary to use the dose-response relationship to convert differences back into 
equivalent dose ratios. 
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com*.-* the great disadvantage of age standardisation: that in treatments with 
excess mortality a single tumour may. in the standardise cl results, be weighed up 
to 4 or o and in a treatment with less than normal mortality it may count only 
U’2 or IKI. The maximum likelihood equations give* each observation the weight 
needed to maximise the precision of the estimate; no difficulties are encountered 
when comparing treatment responses with different treatment-associated mortality 
rates nor any difficulties associated with selecting arbitrary time segments in the 
experiments. 

(toothless of tit tests were done on the lognm-rnal (listrihutions fitted, and the 
values ofy 2 are shown in Table X. In Kuimi 2 there arc four significant values, but 
inspection of the data shows that all four are local anomalies between weeks U~> 
and 75, which are due to the change mentioned above in the standards of reporting 
illness and tumours. Since these results were so local it was not thought worth* 
while to censdr^g.^|tempt to smooth the data to eliminate them. One similar, 
though smalldjj|jpmortia!y was found in one treatment of Room :i. To give a 
more sensitive test^of the tit of the model tests were done on tiie sum of all 
treatments in rjMji^maimal room. These were all very significant hut the general 
picture was traggjggjgfe. with large local anomalies. The deviations in the four 
animal rooms hvereesuite different, and a tost on all four rooms taken Together 
though still aidBKdBlt. showed smaller individual y-V As a further check that 
these nnomalit kA^ ^a ^ oeal. and not due to a badly fitting model, norma! distribu¬ 
tions of tuniorlffrofribree acre fitted: and both individual t rear men r y- tests and 
an overall x~ done. The results of these tests were almost identical with 

those of the lostvoTnal tests, helping to confirm the local variation hypothesis. 

A&fe lffsses o||^^^ormal distributions were done, but it was found that the 
stan q|jxu ievia ^^ of the distributions increased with the means: and the patterns 
of yaTuumn befw gj|n.cl oses and treatments were less clear than those si town by the 

so the normal distribution results are not given in detail. 
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table Xf uives the means over four moms of the three loittiornuil distribution 
|«irnmeters. The same analysis of variance as fur rates. but without transforma¬ 
tion. was tinm* mi tilt* three parameters. It was found that the standard deviation -s 
did not siirmrifuntly change from One treatment to another or lu'tween do>e level*. 
Xn Tables' X£[ and XIEt have been extracted the mean nmumr-iiuluerion times lor 
the three do>e rates and for the three treatments. 
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# fall p^^^^aean tumour-induction time as the dose increases is not sig¬ 

nificantly cli ne r en tjVoin a linear change (in the loo time): and the differences in 
the rate of i||lSS§fP^botwecn the three tumour resjmnses are not siL'iiiMeant. tli*‘ 
average fall futy tefld uuhlet 1 dose heinu ~ n-o:;| nr about -T",.. 

The thrct j^ ^^~>t*r condensate show the same pattern in all three responses with 


stored con clensaTcIra v'l m: a mean a little helow that of neutral fraction (o*o^+ or 


d° 0 ) and 24-Hl5tyf p> ¥rtd condensate appreciably lower )o-lTT or in*',,). I he means 
differ signiffctmtlvj^r the three tumour rc.spon.scs in the order all tumours | lowest), 
carcinomas. ifpKpmnUrating carcinomas (highest). The stored condensate anomaly 
and the sinnyM&fe&ggif 24-hour condensate high and *24*hour condensate medium 
dose rates caWspT'be seen but they are not significant. For the proportion of 
animals never develop tumours (c) the difference hetween treatments 

are consistenTshowing a fail of about 1°„ between neutral fraction and stored 
condensate and about 7° p between neutral fraction and iM-hmir condensate. Tim 
stored condensate anumalv is siirniHount onlv in tlie auulvsi? of r for all tumours. 


MKASrRK.UE.vr I IF Tt'MoK f<: ENirlTV 

There are many response scales which can be used to measure timmrigemrity 
for example tumour rates at different times in the ex|»erimvnt. These scales will 
give different ratios for the relative response of two substances as shown in Table 
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IX. tn many i-.iscs however the response ratio for two substances varies from 
scale in the saim* way as the* response to different doses of a single substance. A 
dose level of one substance can be found which would give the same response in 
every scale as a known dose of a second substance. Relative tumorigenicity can 
then be denned as a dose ratio rather than a response ratio, in a way analogous to 
LD in toxicity trials. Toxicity trials arc however simpler than carcinogen 
assays because they usually last a relatively short rime, while the carcinogen 
assays must covt-r nearly the whole life span of the test animals, and it must be 
shown that a relative tumurigetucity does not change with time during the trial. 

To fultil this requirement the response-time curves for different substances 
must have the same shape (though they may vary both in magnitude of response 
and in time of appearance of tumours). The condition for making valid compari¬ 
sons of tut^rigenicity may be defined: 

Theygplti|e tumorigenicity of two substances is r if. and only if. a dose 
!) of off?* produces the same distribution of tumour incidence as a dose tD of 
rhe setffiiid.^heii these doses are administered in the same way to random 
siimpl4gJ3j^ingle population of animals. 

This deifttwmWf implies that in many cases it will not be possible to define a 
relative tuitfr&jrh'&glti-itv because the shapes of distributions of incidence are not 
sufficiently 

In the [§§^i w ll8|vork this type of comparison was justified by showing that the 
time-resp« we.tony s for individual treatments all fitted the lognormal distribu¬ 

tions. so tlifPsprli.* information could be concentrated into the three parameters 
nc ^ ami ujULL^roved to bo highly von'clatccl over the population of 44 groups 
amPTnrtet responses. Kit her m or c could therefore be considered as a 
parameter permitting & valid measurement of " relative tumori- 
' t| 4jflpa^ de for the three treatments. 

As a chjvKtmjThc fit of this model, graphs of the tumorigcnic force T were 
prepared. p$8 i81lj«ll showed that T increased with time: but when straight- lines 
wi-iv fitted. aTTrt^L- for tin* dei Teasing weight of the observations as the number of 
animals tall.vg^^nTs found that the .slopes were proportional to the mean, so that 
the <ainiliri.pr*ww?f fulfilled. The similarity is shown by Fig. 7. in which the 
uni'iirrcL'tvd^Mm^u* of tumour-hearing animals for neutral fraction high dose has 
been matche d b y nttcrpolating between 24-hour condensate medium and low doses. 

The miiipWm variance of the tumour-induction time in or proportion of 
animals whi dAnc xca* develop tumours c can then be used to interpolate between the 
responses fc^mffr^ent dose levels to get relative carcinogenicities for different 
smoke co 11 d ml Fisher’s method can be used to obtain fiducial limits for 

the ratios [ RSsfficrTiSUfi). Xo difference was found between the results (Table V 
ahnvc) obrained wit It either parameter or those fur all tumours, carcinomas and 
infiltrating carcinomas and the mean ratios of carcinogenicity are given in Table 
IN*. This -similarity of the curves obtained for the different condensates and types 
of tumour suggests that the mechanism of tumour production is the same for all 
three types of condensate. 

The use of ratios obtained using the lognormal model depends of course on the 
assumptions: 



(a) The model is realistic and since the tests of fit are not unsatisfactory the 
parameters obtained do in fact represent the data. 
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J*'jn. 7,—Similarity uf #iwi|w for Time I<e«|jr'iiw enms. Tli» i*in*lc£ sli'iw ihi' Neutral Fraci i*>n 
High IXiae rc-g a feMBi fiMB •-•M l' rti‘-u\. Th>- -••liil lim* is* »\ Jiu-iir ini<'rj»jtnti>m lunu'cvti i4 h-mr 
condensate rrirofCttK^aii • 1 !■>«• curve*. 

c ^* ^ ,on shown by the analysis of variance. with dose 

F”«|pon5#irefe,tiQnship in vi and r and random variations in ^ has not in fact 
# §^i8|troviit information on dose response relationships. 

If either of '£hese as sumotions has to be rejected the results must be expressed 
using ineUWnce^l^^^ca.sures of response, as in the right-lmml side of Table I\ . 


t:u NOLL'S IONS 


Two import! 
experiment, 

1. In tests oFweak,carcinogens where it is essential to use the maximum pos¬ 
sible dose||S!i|pl|p continue treatment until death, there will often be dif¬ 
ferences i n njorta lity between dose levels and treatments. It is important 
to allow the analysis of the results, if it is possible to make the 

basic assumptions so that correction is possible. 

The lognormal distribution of tumorigenie force, with some animals never 
developing tumours, fits the darn from this experiment. It provides a 
simpler picture than the other analyses which have been done. 
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